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ABSTRACT

Recently, several novel medications, such as Ustekinumab, Infliximab, and Vedolizumab, have emerged as
potential options for inflammatory bowel disease(IBD) management. Despite achieving some effects in
clinical applications, these therapies are still plagued by inadequate response rates and adverse side
effects. With rapid progress in immunological research, therapeutic vaccines are gaining traction as an
alternative. These vaccines aim to activate the body’s immune system to generate specific antibodies,
thereby offering a potential avenue for treating IBD. The efficacy and safety of vaccines, coupled with
their potential to mitigate the financial and healthcare burden associated with disease treatment, render
therapeutic vaccines a more favorable approach for managing patients with IBD. In this review, we
critically examine the existing literature pertaining to therapeutic vaccines for IBD, aiming to offer
researchers a comprehensive understanding of their applications and prospects and stimulate novel
vaccine development by presenting innovative ideas in this field.

Introduction

Inflammatory bowel disease (IBD) is a group of chronic non-
specific inflammatory bowel diseases, including ulcerative colitis
(UC) and Crohn ‘s disease (CD). For a long time, IBD has been
mainly prevalent in Western countries such as North America,
Europe, and Oceania, and its incidence has been increasing year
by year. However, in recent years, IBD has also begun to show
a gradual upward trend in Asia, South Africa and other places.
Taking China as an example, from 1990 to 2019, the age-
standardized incidence rate per 100,000 people increased from
1.47 to 3.01. Considering that nearly three-quarters of the world
‘s population lives in developing countries, although the inci-
dence of these regions is relatively low, it may cause serious
harm to the country in the long run.'™* The etiology of IBD is
still unclear, but it is believed to be related to the interaction of
multiple factors, such as genetics, environment, immunity and
intestinal flora.

The current clinical treatment of IBD is mainly through drug
therapy to control symptoms, if necessary, surgical treatment
can also be used. The drugs commonly used in the treatment of
IBD mainly include aminosalicylic acids, corticosteroids (CS),
immunomodulators and biological agents. The emergence of
biological agents provides a better treatment for refractory IBD
and completely changes the therapeutic effect of IBD.>° In
addition, some studies have shown that diet and psychology
also seem to be beneficial for the treatment of IBD.”®
However, due to the complexity of IBD, both biological therapy
and surgical therapy have certain defects. Although biotherapy
is effective in a variety of indicators of IBD, there are still
a considerable number of patients who do not respond or lose
response over time, which means that patients need to increase
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the dose or repeated treatment.” A large number of studies have
shown that biological agents may also cause a series of infusion
reactions, such as measles, nausea and vomiting, dyspnea, etc.,
which need to be stopped immediately.'®'" In addition, biolo-
gical products commonly used in clinical practice are drugs with
high treatment costs, which require long-term repeated use by
patients. This has brought an increasingly heavy burden to the
world to a certain extent, and it is also a major challenge for
health care systems around the world. For some patients with
ineffective drug treatment or serious complications, surgical
treatment can be taken. IBD is a chronic wasting disease,
which can cause sequelae such as anemia, malnutrition and
weakened immunity, and increase the risk of postoperative
adverse outcomes. Although laparoscopic surgery has pro-
gressed, the complexity and challenge of surgery still limit its
wide application, and there is still a risk of recurrence after
surgery. Some patients may still need to switch to open
surgery.'”> And research shows that, the risk of postoperative
anxiety and depressive symptoms is increased in IBD patients."
In addition, short bowel syndrome and intestinal failure may
also occur due to the frequent bowel resection.'* Therefore, it is
urgent to further study and explore new strategies for IBD
treatment.

In recent years, research on IBD therapeutic vaccines has
emerged and attracted more and more researchers’ attention. As
a potential therapeutic method, vaccines mainly enhance resis-
tance by stimulating the human immune system, inducing
specific humoral and cellular immune responses. It has been
reported that the vaccine is generally safe and has strong sup-
porting evidence."” Vaccines not only protect vaccinators from
disease, promote normal life and work, and improve economic
productivity, but also increase the workload in the field of health
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care and improve service quality.'® Studies have pointed out that
vaccines may positively affect antibiotic-resistant infections, so
it is necessary to pay more attention to vaccine development and
application to solve the problem of antibiotic resistance.'”
According to its mechanism of action, vaccines can be divided
into therapeutic vaccines and preventive vaccines. Preventive
vaccines are used to help establish immunity to certain diseases
and strengthen the immune barrier of patients. Different from
prophylactic vaccines, therapeutic vaccines can induce specific
immune responses in diseased individuals and eliminate patho-
gens or abnormal cells for the treatment of clinical patients. The
targeting of therapeutic vaccines can help patients recover more
comprehensively, reduce repeated medications and surgeries,
reduce treatment costs and burdens, and provide long-term
protection. At present, therapeutic vaccines have been widely
studied and used in cancer, autoimmune diseases and infectious
diseases, and are expected to be further developed in the field of
IBD 1819

In conclusion, the development of therapeutic vaccines for
IBD may be a better choice to alleviate intestinal inflammation
and improve the clinical symptoms of patients, and has good
development potential in the future. This review aims to sum-
marize the main pathogenesis of IBD, and to find and read the
relevant literature on IBD therapeutic vaccines from the per-
spectives of cytokines, intestinal flora and angiogenesis, and to
review the main research progress.

Materials and methods

A comprehensive search was conducted in PubMed and Web
of Science databases using the keywords of “Inflammatory
Bowel Disease*” AND “Vaccine* OR Vaccination*” AND
“therapy* OR treat* OR cure* OR remedy*.” The results
included all relevant clinical trials, original articles, retrospec-
tive studies, and systematic reviews. Both animal and human
studies were considered, while unfinished or unpublished pub-
lications were excluded. All authors carefully screened the
titles and abstracts of the retrieved papers to assess their elig-
ibility for inclusion in the review. Additionally, all references
were examined to gather background information and identify
potentially pertinent articles.

Results
Major pathogenesis of IBD

So far, the etiology of IBD is not clear. It may be related to the
interaction of multiple factors, among which intestinal flora
disorder and intestinal immune imbalance are the key to its
pathogenesis.

It has been proposed that the effects of ecosystem changes in
the gut microbiota may play a key role in the mechanisms of
disease development, such as UC.*° When intestinal homeostasis
is disrupted, the host immune system is over-activated, leading to
intestinal inflammation, and the proportion of harmful bacteria in
the gut is increased, which disrupts intestinal epithelial cells and
increases intestinal permeability, leading to immune
dysfunction.”"** At the same time, epithelial cells and damaged
intestinal mucosa that have been damaged by microorganisms are

more susceptible to bacteria, stimulating the pathogenicity of
many commensal bacteria, causing a number of compensatory
immune responses in the gut, and aggravating inflammation.”

In addition to the effects of intestinal flora dysbiosis on the gut
of IBD patients, immune imbalances in the gut can also cause
excessive inflammation and lead to intestinal damage. The
immune response to infections in IBD patients is complex, invol-
ving multiple interconnected interactions similar to a network
(Figure 1).

In people with IBD, things like environmental factors or infec-
tions can damage and change the protective lining of the intes-
tines. This can make the intestines more permeable, letting
harmful substances pass through. Once the pathogenic antigens
enter the intestinal mucosa, macrophages are first activated to play
a protective role for the organism and directly engulf the patho-
genic antigens. It has been shown that CD14 macrophages pre-
dominate in the inflamed mucosa of CD patients and that this
class of macrophages in the intestinal mucosa of IBD patients is
capable of producing high levels of IL-12 and IL-23 in response to
microbial stimulation, thereby promoting inflammation.** In
addition, TNF-a-producing macrophages have also been shown
to reduce epithelial barrier resistance by disrupting the structure
and function of tight junctions, thereby disrupting intestinal bar-
rier function, increasing pathogen invasion, and exacerbating the
inflammatory response.25 Once macrophages cannot continue to
fully defend against pathogens, they recruit neutrophils through
their surface messenger proteins to form a bactericidal network.
When the inflammatory response reaches a certain level, dendritic
cells can sense the presence of pathogenic antigens, secrete cyto-
kines such as IL-12, IL-2, and IL-6, and present antigens to T and
B cells across the intestinal lamina propria to complete the body’s
next immune response.

Therapeutic vaccines of IBD

Vaccines targeting cytokines

Cytokines are important messengers that oversee and control
the body’s immune and inflammatory reactions. Significant
changes in the expression levels of cytokines, including TNF-a,
IL-1pB, IL-10, IL-6, IL-8, and IL-12, can be found in the intestinal
mucosa of IBD patients.”® These cytokines can cause damage
and apoptosis of intestinal mucosal epithelial cells, resulting in
impaired intestinal barrier function and allowing intestinal flora
to easily cross the intestinal mucosa into the bloodstream and
cause systemic inflammatory responses.”” In addition, cytokines
can affect the differentiation and function of immune cells,
causing the immune system to attack its own tissues and exacer-
bate IBD. Because of this link between cytokines and IBD, the
use of vaccines to modulate the abnormal expression of endo-
genous cytokines has emerged as a new therapeutic strategy for
the long-term management of the disease. The main cytokine
therapeutic vaccines currently under investigation are the TNF-
a vaccine and the interleukin vaccine.

IBD and TNF vaccine. Tumor necrosis factor-a (TNF-a) is
mainly secreted by mononuclear macrophages, Th1/Th2 cells,
increases the expression of cytokines such as IL-1p, IL-6, and
IL-33, activates the JNK signaling pathway, and therefore plays
an important role in the pathogenesis of IBD.*® TNF-a is one



MY Ny AT e Ry L e R Y XIS RN A1 X XA YIRS NIy

rrererrre
L

=

IL-10]

TNF-af IL-2
IFNy} IL-61

IL-57 IL-131 IL-171
TNF-af IL-67 IL-211 IL-221

Figure 1. Intestinal anti infection immune system.

of the major effectors of inflammation in IBD and can regulate
the transcription of TJs proteins to alter intestinal permeability
and induce apoptosis in intestinal epithelial cells.”” Chong He
et al. found that induction of TNF-a can promote intestinal
mucosal inflammation in IBD patients.>® Therefore, research-
ers have proposed that antibodies targeting TNF-a can be used
to treat IBD, and good results have been achieved in clinical
work.>"** And current clinical practice guidelines also recom-
mend anti-TNF-a drugs for induction and maintenance of
remission in patients with moderately to severely active IBD.>

However, recent studies have shown that anti-TNF-a
monoclonal antibodies require repeated long-term use, are
costly to treat, and are prone to hypersensitivity reactions.**
Using this medication is connected to a higher chance of
patients with IBD getting various harmful infections. So,
before starting TNF-a inhibitor therapy, patients must be
screened for potential reactivation of infections such as tuber-
culosis and hepatitis B and the risk of opportunistic infections
such as EBV, cytomegalovirus, and Clostridium difficile
infections.” In contrast, kinin vaccines against endogenous
TNF-a mainly produce anti-specific antibodies through active
immunization, which can limit the incidence of treatment
failure.’® At present, a large number of studies have shown
that TNF therapeutic vaccines have a significant effect in the
treatment of arthritis and are expected to enter the clinic as
soon as possible.”” ™ It is speculated that such vaccines may

HUMAN VACCINES & IMMUNOTHERAPEUTICS . 3

MY Iy I s Ao sy XA i s iy

perrrerr

become a promising strategy for the treatment of autoimmune
diseases.

It has been shown that a therapeutic vaccine against human
TNF-a can be developed using TNF-a kinase (TNF-K), and by
administering this vaccine to patients, the body can induce its
own production of neutralizing antibodies against high titers
of TNF-a to reduce the excessive inflammatory response in the
gut of IBD patients and alleviate the associated clinical
symptoms.'® Additionally, researchers suggest creating multi-
antigenic polypeptides (MAP) to make powerful antibodies
and vaccines against specific peptides. These vaccines can be
tailored for various multi-branched peptides by using the main
chain of lysine from the a or e group. This forms the base, and
the outer surface of this synthetic peptide carries multiple
copies of the antigen.*” Jun Z et al. found that TNF-a as an
auto-component alone could not induce specific humoral
immune responses, whereas the MAP strategy could signifi-
cantly enhance its immunogenicity and induce specific poly-
clonal antibodies against TNF-a.”>* Yan § et al. also found in
their study that the designed eight-branched MAP vaccine
possessed good immunogenicity and could The eight-
branched MAP vaccine was also found to possess good immu-
nogenicity and could exert significant anti-UC effects in the
organism.*” Yang Wan and his team have found in unpub-
lished studies that self-made TNF-a protein vaccine can over-
come self-tolerance, induce specific neutralizing antibodies
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against TNF-a, and protect mice from acute and chronic
colitis. These results may prove that therapeutic vaccines
against TNF-a have a certain alleviating effect on the symp-
toms of IBD patients and have a certain safety profile, showing
good prospects in the field of IBD treatment.

IBD and interleukin vaccine. Interleukins are a major com-
ponent of the immune system and play an important role in
the inflammatory response. Different types of interleukins
have different biological functions to regulate immunity, pro-
mote or suppress inflammatory responses, and participate in
cell proliferation and differentiation.”® Therefore, depending
on the different functions of different cytokines, the external
administration of specific intervention factors to increase or
decrease their levels in the gut of IBD patients can modulate
the severity of the inflammatory response and thus modify the
clinical symptoms of patients. Currently, the most commonly
used drugs in the clinic against interleukins are human mono-
clonal antibodies with specific targeting effects, such as mepo-
lizumab against IL-5, ixekizumab against IL-17A, and
ustekinumab against IL-12 and IL-23.*'"** However, some of
these drugs are known to have short half-lives, require
repeated, regular dosing, and are expensive, so other more
viable alternatives need to be explored. In recent years, the
efficacy and safety of interleukin therapeutic vaccines have
been demonstrated in other areas. Some researchers have
observed anti-inflammatory IL-1B or IL-23 peptide vaccines
in their own experimental models of arthritis and have shown
that anti-IL-1p vaccines can be used to treat type 2
diabetes.'®'” Therefore, the discovery of a therapeutic vaccine
against intestinal overexpression of interleukins in patients
with IBD to help the body produce its own counterpart anti-
bodies to reduce the excessive inflammatory response is clearly
a potentially better option and could provide long-term effi-
cacy and reduce adverse effects.**

In their study, Qingdong G et al. successfully developed an
IL-12/IL-23p40 peptide-based vaccine that induced relatively
long-lasting anti-IL-12, IL-23, and p40 antibodies, and
through experiments concluded that administration of the
IL-12/TL-23p40 vaccine was effective in ameliorating trinitro-
benzene sulfonic acid (TNBS)-induced active intestinal
inflammation and fibrosis.* The following year, they success-
fully developed a therapeutic anti-IL-18 vaccine that was
shown to partially block IL-18-induced IFN-y secretion and
ameliorate colitis symptoms in mice in vivo.** Meanwhile,
studies have shown that IL-1 vaccines are also indicated for
the treatment of inflammatory diseases, and vaccination trials
are ongoing.*® Thus, interleukin vaccination for therapeutic
effect in IBD patients with excessive intestinal inflammatory
response may be an interesting direction for further research.

Vaccines targeting intestinal flora

The intestinal flora is a group of microbial communities that
grow and multiply in the human gut and interact with it to
perform a variety of important physiological functions, such as
nutrient metabolism and immune regulation. Dysbiosis of the
intestinal flora is closely associated with the development of
many intestinal diseases, such as colitis, IBD, and even intest-
inal tumors. In IBD patients with intestinal dysbiosis, removal

of the affected bowel segment is usually the first line of treat-
ment in the absence of vaccines or other effective pharmaco-
logical treatments. However, even after 2/3 of the bowel
segment has been removed, the remaining healthy bowel is
usually re-involved, leading to disease recurrence.?” Therefore,
there is a need to develop an alternative therapy for this
disordered flora infection. In recent years, researchers have
begun to explore the use of gut microbiota vaccines for the
treatment of IBD, i.e. the use of vaccines to stimulate the gut to
produce antibodies that act with greater specificity and target-
ing on the relevant pathogenic microorganisms.

Mycobacterium avium subspecies paratuberculosis (MAP)
is a dairy-transmitted pathogen and a major cause of disease
progression in IBD.* Although there is controversy regarding
the possible causal relationship between CD and MAP,*® sev-
eral clinical trials have shown that selective anti-MAP drugs
have been evaluated as a potential treatment for CD and found
to be beneficial in terms of final outcome. In a study by
Agrawal G et al. a patient with CD could achieve profound
mucosal healing after anti-MAP treatment alone.*>”° All these
studies suggest that anti-MAP therapeutic vaccines are effec-
tive in patients with IBD and may be more widely used in the
future. Failure of other therapeutic measures or poor patient
response to other modalities are indications for anti-MAP
therapy, especially in patients with IBD who have met the
criteria for bowel resection; contraindications to anti-MAP
therapy mainly include conditions such as allergy to any of
the components or leukopenia.*® Several studies have sug-
gested that mucosal-derived Escherichia coli (E. coli) strains
are involved in the pathogenesis of IBD, particularly the adher-
ent invasive E. coli (AIEC) pathogen, suggesting that anti-
E. coli vaccines may also ameliorate intestinal
inflammation.”>* One study found that a transgenic entero-
toxin-producing E. coli vaccine could induce a significant
immune response in the gut, improving E. coli flora dysbiosis
and alleviating symptoms, and this vaccine was shown to be
safe.”

Flagellin, the major structural protein of the bacterial fla-
gellum, is a potent immune activator and antigen that may
play a role in patients with IBD.>* It has been shown that
flagellin can activate pro-inflammatory gene expression via
TLR5 and NLRC4 inflammatory vesicles, which in turn leads
to an enhanced inflammatory response, increased mucosal
permeability, and worsened symptoms in the intestine of
patients. Researchers led by Hao Q. Tran discovered that
mice immunized with flagellin showed improvements in coli-
tis-related features like epithelial cell damage, inflammation,
and narrowed gut passages.” This suggests that antibodies
produced naturally against flagellin could be used to treat
chronic inflammatory diseases. Therefore, using flagellin vac-
cination to stimulate these specific antibodies might be an
effective approach to address intestinal inflammation in IBD.
Thus, flagellin, a structural protein of the pathogen, is found to
be more effective in alleviating the main symptoms of IBD
patients by inducing specific antibodies against flagellin
through vaccination with the appropriate therapeutic vaccine.

Thus, therapeutic vaccines targeting the gut microbiome
are safe and effective for the treatment of IBD, represent
a promising new option for the treatment of IBD and are



expected to be widely used in the future. However, research on
gut microbiota vaccines for IBD is still in its early stages.
Future research is needed to further explore the design and
type of vaccine, the impact of vaccine-host interactions on
improving the function of the dysfunctional gut microbiome,
and to find more therapeutic vaccines that effectively target
other pathogens.

Angiogenic vaccines
In the intestine, angiogenesis plays important physiological
functions, such as regulating immune response, promoting
tissue repair and maintaining homeostasis.”® Angiogenesis
can also maintain the inflammatory state by providing
oxygen and nutrients, while helping immune cell migra-
tion, triggering excessive inflammatory response.”’”®
A number of studies have shown that angiogenesis may
be one of the causes of the incidence and persistence of
IBD patients, so anti-angiogenesis therapy may become
a major research direction in the future in the field of
IBD treatment.”>

VEGE is a key factor in angiogenesis. Several studies have
shown increased VEGF expression in the intestine of patients
with active IBD compared to the healthy population.”®°" It has
been shown that in a dextran sodium sulfate (DSS)-induced
colitis model, there is an increase in vascular density and an
exacerbation of the typical histopathological manifestations of
inflammation, resulting in histological damage to the intestinal
mucosa.®” Drugs that block VEGF-A signal transduction may
reduce intestinal inflammation in IBD patients.®® Studies indi-
cate that the primary drugs aimed at VEGF or its related
pathways are monoclonal antibodies and small molecule
receptors, however, these treatments have short-lived effects
and are not fully effective for the current IBD patients.®* This
highlights the pressing need to explore alternative therapies
with better practicality. Elina S et al. found that EMMPRIN
protein can induce VEGF expression, which is pro-angiogenic,
and that in a DSS-induced colitis model, anti-EMMPRIN
protein vaccination can target damaged bowel segments and
reduce angiogenesis to alleviate excessive inflammatory
responses.”” In addition, angiopoietin has a key function in
angiogenesis, and its aberrant activation may depend on the
surrounding inflammatory environment. It has been proposed
as a factor in maintaining pathological angiogenesis during the
development of IBD and as a target for antiangiogenic ther-
apeutic vaccination in the future.®® There are few studies on
therapeutic vaccines for IBD angiogenesis, but this type of
vaccination can reduce the severity of the disease and has
great potential for future development in the field of IBD
treatment. Its safety and efficacy deserve further exploration
and investigation.

Parasite vaccine and IBD

In recent years, harnessing the immunomodulatory effects of
worms and their products for the treatment of allergic diseases,
autoimmune diseases, and IBD has become a popular direction
of research. Many studies have shown that worms have
a powerful immunomodulatory ability to reduce the intensity
of the inflammatory response and improve the clinical
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symptoms of autoimmune diseases by producing a large num-
ber of immunomodulatory molecules.®”*®

Summers RW et al. found that vaccination of patients with
IBD with porcine whipworm eggs downregulated abnormal
intestinal inflammation and was safe.®® However, a meta-
analysis of the treatment of IBD with porcine whipworm
eggs found no statistical benefit, while Jiirgen et al. also
found no evidence of a beneficial effect of porcine whipworm
therapy in inducing symptomatic relief in patients with active
IBD in a randomized, double-blind, placebo-controlled
trial.”%”" In 2019, Capron M et al. found that P28 glutathione
S-transferase (P28GST), a protein derived from Schistosoma
haematobium, could be modified into a therapeutic vaccine
that effectively alleviated the intestinal inflammatory response
and was also shown to be well tolerated in patients with CD.”
Previous studies have also supported the conclusion that the
P28GST protein can down-regulate intestinal inflammation.”

Overall, these studies indicate that vaccines targeting para-
sites could offer improved therapeutic benefits for IBD
patients by partially relieving associated clinical symptoms.
These vaccines have demonstrated good safety records, sug-
gesting significant potential for IBD treatment advancement.
Exploring other innovative approaches might be considered in
the future.

Discussion

In recent years, the global incidence of IBD has continued to
rise. However, there are many limitations in the current clinical
methods used to combat IBD, including high treatment costs,
potential infusion reactions, and other surgery-related sequelae.
Therefore, it is necessary to seek safer and more effective treat-
ment methods, which is essential to improve the therapeutic
effect of IBD and improve the quality of life of patients. In this
context, IBD therapeutic vaccine has attracted much attention as
an emerging treatment method. This vaccine mainly plays
a therapeutic role by regulating intestinal immune response
and reducing excessive inflammation. The treatment cost is
low, the safety is high,”* the curative effect is remarkable, and
it can also provide patients with more targeted treatment, which
is of great value in clinical and economic aspects. Current
research shows that for patients with autoimmune diseases,
therapeutic vaccines can achieve long-term clinical improve-
ment through specific immunotherapy, avoiding the use of
other immunosuppressants.””””” In view of IBD as a typical
autoimmune disease,”® this makes therapeutic vaccines have
significant potential in the field of IBD, or will become an
important treatment strategy in this field. At present, IBD ther-
apeutic vaccines include anti-TNF-a vaccine, anti-VEGF vac-
cine, anti-IL-12/IL-23p40 peptide vaccine, anti-MAP vaccine
and E. coli vaccine (Table 1). Studies have shown that these
vaccine types can improve intestinal inflammation and show
good development potential. The anti-inflammatory effects of
some vaccines have been confirmed in clinical trials in other
disease fields.'®"

In addition to the above-mentioned therapeutic vaccine
types, there are many other vaccine therapeutic targets with
great development potential that deserve further exploration.
For example, a study in the field of gut microbiota found that
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a recombinant lipoprotein-based vaccine against C. difficile
infection can improve intestinal inflammation.”” In addition,
for the immune imbalance in the intestine, a study on anti-
TGF-B1 vaccines found that the weight of vaccinated mice was
increased and colon inflammation was also improved, indicat-
ing that vaccines against TGF-B1 cytokines can also play a role
in IBD treatment.*® At the same time, inflammatory factors
such as IL-1, IL-17 and IL-4 are closely related to the patho-
genesis of IBD.In the next five years, they may become poten-
tial therapeutic vaccine targets. The in-depth excavation and
expansion of these targets will bring new exploration direc-
tions in the field of IBD.

However, most of the current research on IBD therapeu-
tic vaccines is still in its infancy, and the clinical scientific
research related to it is relatively limited, and it has not
really entered the stage of clinical trials. At the same time,
the safety and efficacy of these therapeutic vaccines are still
not fully supported by experimental data, and there are still
a series of problems and doubts in this field. Even some
research hypotheses may be wrong and need further verifi-
cation and in-depth discussion. In the selection of appro-
priate therapeutic vaccine targets, for IBD patients, it is
necessary to have an in-depth understanding of the multiple
biological mechanisms of the disease, while fully considering
the individual differences between different patients. This
work is quite complex, and the role of the vaccine is difficult
to be quickly lifted. Therefore, further research on therapeu-
tic vaccines in the future requires interdisciplinary colla-
boration and large-scale clinical trials.

Conclusion

There are various methods for the treatment of IBD, but
each method has certain limitations. Therefore, there is an
urgent need to adopt comprehensive solutions, including
both interventions to prevent IBD and innovative treat-
ments. In recent years, with the deepening of research,
therapeutic vaccines have gradually attracted people’s atten-
tion. At present, significant progress has been made in the
fields of tumors and autoimmune diseases, and great poten-
tial and prospects have also been shown in the treatment of
IBD. The next step is to further verify the safety and effec-
tiveness of therapeutic vaccines through clinical trials,
explore more vaccine targets, develop more personalized
treatment plans for IBD patients, and improve clinical treat-
ment effects. We hope that future efforts can promote the
vigorous development of IBD therapeutic vaccines and open
up new possibilities.
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