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Abstract: Ulcerative colitis (UC) is a chronic intestinal inflammatory disease with complex causes that are closely
associated with environmental, genetic, and immune factors. However, the precise etiology and pathogenesis remain under
investigation in clinical practice. Extensive research has demonstrated that cytokines play a pivotal role in the development,
occurrence, and prognosis of UC, with an imbalance between pro-inflammatory cytokines and anti-inflammatory
factors being a significant contributor. Given that UC is challenging to cure, therapeutic options such as hormones and
aminosalicylic acid are commonly employed. While treatments including Western medicine, traditional Chinese medicine,
and other approaches have shown some efficacy, substantial breakthroughs are still lacking. Cytokines, therefore, represent
a critical focus in understanding the pathogenesis of UC. This review explores the therapeutic pathways of cytokines and

their antagonists.
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1. Introduction

Ulcerative colitis (UC) is an autoimmune-mediated inflammatory disease whose causes and mechanisms are not
yet fully understood in the clinical setting. Current research suggests that environmental factors and intestinal
flora can activate the immune system in genetically predisposed individuals, leading to an excessive release of
cytokines. This disrupts the balance between pro-inflammatory and anti-inflammatory cytokines, ultimately
resulting in intestinal mucosal damage. Clinically, UC presents with symptoms such as diarrhea, abdominal pain,
and the presence of mucus, pus, or blood in the stool m

Epidemiological surveys indicate a higher prevalence of UC in Western countries. In China, the incidence of
UC has been increasing, with an overall rate of approximately 1/10,000 compared to 10-20/10,000 in Europe and
the United States. Differences in incidence rates between countries may be linked to variations in dietary habits

and environmental factors. Further studies have shown that UC is more common in economically developed
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regions, with the southeast coastal areas of China exhibiting a higher prevalence compared to the inland northwest.
This disparity is likely attributable to differences in living conditions and dietary practices "\

As UC progresses, it may lead to severe complications such as toxic megacolon or an elevated risk of colon
cancer, posing significant threats to patients’ lives. Prompt and effective treatment is thus essential to control
disease progression and improve patient prognosis .

Research has consistently highlighted the critical role of cytokines in the pathogenesis and resolution of
UC. Cytokines, small molecule peptides or glycoproteins with diverse biological functions, are integral to the
inflammatory immune response in the intestine. They are categorized into inflammatory cytokines and anti-
inflammatory cytokines. An imbalance or dysfunction within these cytokine groups is a key driver of UC.
Emerging cytokine-related therapies have shown encouraging results in clinical settings *.

While certain cytokines have been identified as influential in UC activity and prognosis, consensus in this
area remains limited. This review aims to explore the association between cytokines and UC prognosis, providing

insights into their role in disease progression and therapeutic potential.

2. Cytokines in the pathogenesis of ulcerative colitis

Cytokines are small molecular polypeptides secreted by both immune and non-immune cells, playing a pivotal role
in immune and inflammatory activities. They can be broadly categorized into inflammatory cytokines and anti-
inflammatory cytokines. Inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-a), interleukin-1 (IL-
1), interleukin-2 (IL-2), and interleukin-12 (IL-12), are essential for mediating cellular immune responses. These
cytokines regulate receptors and functions on the surface of intestinal epithelial cells, contributing to impaired
cellular functionality . Anti-inflammatory cytokines, including IL-4 and IL-1Ra, are vital for humoral immunity.
They exert a strong inhibitory effect on Thl cells, which is effective in preventing intestinal inflammation.

With the advancement of clinical research on UC, it has been established that the disease’s pathogenesis is
multifactorial, involving genetics, environmental factors, mucosal barrier dysfunction, and immune dysregulation.
These factors are increasingly recognized as critical contributors to the disease process. In recent years, the rising
prevalence of UC in China has posed significant risks to physical and mental health. Studies have confirmed that
cytokines play a crucial role in the intestinal immune response. When the balance between inflammatory and anti-
inflammatory factors is disrupted, conditions favorable for the onset of UC are created .

In inflammatory bowel disease, including UC, a close correlation has been observed between tissue
inflammation and the high expression of pro-inflammatory cytokines. Research indicates that during intestinal
mucosal inflammation, the release of pro-inflammatory factors significantly increases, and their levels consistently
rise. Conversely, anti-inflammatory factors demonstrate a notable decrease in their levels, further exacerbating the

inflammatory response.

2.1. Inflammatory cytokines

2.1.1.IL-1

IL-1 consists of IL-1p, IL-1a, and the IL-1 receptor antagonist (IL-1Ra), each with distinct functions. While
IL-1 serves immunomodulatory and pro-inflammatory roles, it does not directly cause tissue damage. Instead, it
activates other cytokines, such as IL-6 and IL-8, inducing them to participate in inflammatory responses, which
in turn results in tissue damage. IL-1p is the primary active form of IL-1. Research indicates that IL-1p is highly
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expressed in the intestinal lesions of UC patients, with levels varying across different disease phases. It exhibits
significantly accelerated secretion during the acute phase compared to the remission phase .

2.1.2. IL-6

The biological effects of IL-6 are similar to those of IL-1B. In UC patients, serum and intestinal mucosal levels of
IL-6 increase significantly during the acute phase. This elevation is closely associated with the severity and extent
of the lesions. The IL-6/STAT3 pathway is particularly critical in UC development. IL-6 activates nuclear factor
kappa B (NF-kB) through the STAT3 pathway, which promotes intercellular adhesion and NF-kB activation.
Moreover, STAT3 strongly inhibits T-cell apoptosis and enhances the polarized expression of intercellular adhesion
molecule-1 (ICAM-1). These actions contribute to the prevention of chronic inflammation. Clinically, blocking the
IL-6/STAT3 signaling pathway in mucosal T cells has been shown to delay disease progression in UC *.

2.1.3. TNF-a

TNF-a is an immune mediator and a key inflammatory factor involved in immune and inflammatory responses.
It plays an essential role in the intestinal mucosal inflammatory response. TNF-a measurement provides valuable
insight into the extent of UC lesions. Intestinal epithelial cells (IECs) are critical to the immune response of the
intestinal mucosa. However, TNF-a can damage IECs, impairing the barrier function of the intestinal mucosa,
which exacerbates inflammation and triggers further immune responses. Studies have shown that TNF-a-
induced damage to IECs is closely associated with the upregulation of tumor necrosis factor receptor 2 (TNFR2)
expression. However, TNF-a alone cannot induce TNFR2 expression; it requires the involvement of other

inflammatory factors, such as IL-6, to achieve this Bl

2.2. Anti-inflammatory cytokines

2.2.1.IL-1Ra

Interleukin-1 receptor antagonist (IL-1Ra) shares significant molecular mass and structural similarity with
mature IL-1. It specifically inhibits the binding of IL-1 to its receptor (IL-1R) on the surface of T cells, thereby
exerting a strong inhibitory effect on IL-1 activity. The progression of UC is closely associated with an imbalance
between IL-1Ra and IL-1. When IL-1Ra levels decrease, the unchecked activity of IL-1 can result in pronounced

inflammatory effects, contributing to disease progression by enhancing inflammation "

2.2.2.1L-4

IL-4 is mainly produced by the Th2 subpopulation of CD4" cells, and is capable of exerting a strong inhibitory
effect on macrophage and T cell production, as well as an immunomodulatory effect. In the differentiation of Th2
cells, IL-4 plays an important role, not only can effectively inhibit the production of IFN-y by Th1 cells, but also
promotes the production of IL-1a, which can promote the IL-1o/IL-1 ratio; and it can also inhibit the production
of prostaglandin E2 (PGE2), which can play a good anti-inflammatory effect, and plays an important role in

maintaining the intestinal immunity ",

3. Cytokines and UC treatment

The clinical treatment of UC currently relies primarily on drug therapy. Commonly used medications include
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aminosalicylic acid and corticosteroids. These drugs can achieve relatively satisfactory outcomes in the early
stages of the disease. However, within 5-10 years, approximately 30% of patients develop drug resistance or
experience severe complications. Clinical studies have confirmed that cytokines play a key role in the pathogenesis
of UC and exhibit a strong correlation with disease severity and recurrence. Based on the role of cytokines in UC,
targeting specific cytokine networks and implementing effective blocking measures can help control inflammation

and promote recovery.

3.1. TNF-a targeted therapy

TNF-a is typically produced by mononuclear macrophages. It upregulates endocytic adhesion molecules and
promotes neutrophil aggregation, mediating mucosal damage in the intestine. During the active phase of UC,
plasma and fecal TNF-a levels are significantly elevated. The TNF-a monoclonal antibody infliximab (cA2), a
chimeric antibody, demonstrates a high affinity for both soluble and transmembrane TNF-a.

In a study by Dai "

, patients with refractory inflammatory bowel disease treated with infliximab and
azathioprine achieved intestinal mucosal healing rates of 55.0% and 52.5%, respectively, showing similar
efficacy. Another study by Deji e al. "' compared UC treatment outcomes across three groups: infliximab
(IFX), cyclosporine (CsA), and sequential treatment (IFX-CsA or CsA-IFX). After three months, the IFX group
demonstrated the highest efficacy (63.3%), followed by the CsA group (45.5%), while the sequential group had the
lowest efficacy (37.5%). The short-term colectomy rate was highest in the sequential group, moderate in the CsA
group, and lowest in the IFX group, confirming comparable effectiveness among these treatments. A meta-analysis
further indicated that infliximab treatment resulted in favorable clinical outcomes, offering better clinical relief and

mucosal healing compared to placebo .

3.2. Drugs that inhibit IL-6 production

IL-6, primarily produced by mononuclear macrophages, is significantly elevated in UC patients and plays a
crucial role in disease activity. IL-6 interacts with TNF-a, and drug treatment in UC patients has been shown to
decrease IL-6 levels, restoring them to normal. This suggests that IL-6 has diagnostic and therapeutic relevance in
UC management ¥, The chronic inflammatory response mediated by IL-6 can potentially be blocked using IL-6
antibodies. However, IL-6 antibody drugs are still under development and have not yet been applied clinically.

3.3. Methods to inhibit IL-1Ra production

In UC patients, IL-1 secretion levels show a significant upward trend, while IL-1Ra or the IL-1Ra/IL-1 ratio does
not demonstrate a similar increase. Research indicates that IL-1Ra can effectively inhibit IL-1 activity only when
IL-1 levels are substantially elevated ""*). Animal experiments have shown that IL-1Ra can effectively block IL-
1, reducing the degree of inflammation. Currently, IL-1Ra is being gradually introduced in clinical trials for UC

treatment i 6].

3.4. Treatment targeting IL-1
Studies have indicated that in the intestinal mucosa at sites of inflammatory bowel disease (IBD) inflammation,
the levels of IL-1P and IL-1a tend to increase significantly. However, the ratio of IL-1P to IL-1a demonstrates a

decreasing trend, creating conditions conducive to the chronicity of mucosal inflammation and correlating closely
with disease severity "'"'*), Clinical investigations have revealed that IL-1p mRNA expression is significantly
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enhanced in intestinal mucosal biopsies of UC patients, particularly in those with long-term recurrent UC. Using
reverse transcription polymerase chain reaction (RT-PCR) to detect IL-1ra mRNA in small intestinal biopsies,
it has been observed that IL-1ra mRNA expression varies across different disease stages. Expression levels are
notably lower during the acute phase compared to periods of inflammation remission. IL-1ra has demonstrated the
ability to ameliorate acetic acid-induced colitis in rats, effectively reducing their inflammatory response.

3.5. Treatment against 1L.-4

IL-4, an anti-inflammatory cytokine, is produced by activated Th2 cells and mast cells. It can effectively inhibit
the secretion of oxygen free radicals by monocyte macrophages and suppress the secretion of IL-8. Additionally,
IL-4 induces the production of IL-1f, leading to an increase in the IL-1o/IL-1p ratio. Research has shown that in
UC patients, both the number of IL-4-producing cells and the expression of IL-4 mRNA are reduced, suggesting
a strong correlation between this reduction and UC pathogenesis. This finding underscores the potential of IL-4
as a marker for disease assessment """, Furthermore, studies have demonstrated that using recombinant human
type 5 adenoviral vectors expressing IL-4 can be effective in treating trinitrobenzene sulfonic acid-induced colitis.

However, the practical clinical application of this approach requires further exploration and refinement .

3.6. Cytokine-related gene therapy

Intravenous administration of recombinant cytokines is often cleared from the body within a short timeframe,
leading to low bioavailability and limiting its clinical application. Viral vectors expressing immunomodulatory
cytokines offer a distinct advantage in the treatment of UC. An optimal approach involves introducing the
therapeutic gene directly into the intestinal mucosa. Despite this potential, challenges remain, particularly in
devising effective methods to promote the sustained expression of cytokines like IL-10 in the inflamed intestinal
mucosa to maximize therapeutic outcomes. Addressing these challenges represents an urgent clinical need.

4. Prospect

Current clinical research on the etiology and pathogenesis of UC predominantly aligns with international research
priorities. Simultaneously, the number of UC patients in China continues to increase. To advance understanding
of UC pathogenesis, it is crucial to consider the specific characteristics of the Chinese population, providing new
avenues for research.

The treatment of UC remains a significant challenge. Both traditional Chinese medicine and Western
medicine have demonstrated the ability to achieve satisfactory outcomes; however, neither approach has resulted
in groundbreaking advances. While international efforts have initiated extensive research on cytokines and their
antagonists to mitigate intestinal inflammatory lesions, research in this area within China remains limited.

Nevertheless, ongoing studies into the biological properties of cytokines, coupled with advancements in
the synthesis and clinical application of related therapeutic agents, offer new hope for improving the clinical
management of UC. These developments suggest the potential for innovative treatments that could address the
current limitations and improve outcomes for UC patients.

Funding

347 Volume §&; Issue 12



(1) 2023 Undergraduate Innovation and Entrepreneurship Training Program of Tibet Minzu University

(Autonomous Region Project Level) “The Effect of Hypoxia on the Differentiation of Intestinal Mucosal
Dendritic Cells in a Mouse Model of Colitis” (Project No. S202310695105)

(2) In-House Research Project of Tibet Minzu University “The Effect and Mechanism of Tibetan Medicine

Renging Changjue on EGF Expression in the Gastric Mucosa of CAG Rats” (Project No. 21MDY03)

Disclosure statement

The authors declare no conflict of interest.

References

(1]

(2]

(3]

[4]

(3]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Kong W, Yan Y, Zhao P, et al., 2024, Analysis of Disease Activity, Histopathology and Cytokine Dynamic Changes in
Mice with Chronic Ulcerative Colitis. Chin J] Comp Med, 34(6): 18-27.

Yang Z, Liu J, Wu H, et al., 2023, Effect of Shugan Jianpi Huoxue Decoction on Intestinal Mucosal Barrier Function,
Oxidative Stress Response and Th1/Th2 Cytokines in Patients with Ulcerative Colitis. Adv Mod Biomed, 23(9):
1647-1650.

Fan R, Jing Y, Zhang D, 2023, Study on the Effect and Mechanism of Curcumin in the Treatment of Ulcerative
Colitis. Chin J Pharmacol Toxicol, 37(7): 550-551.

Ma X, Li Z, Wang Z, et al., 2024, Correlation Analysis of Serum Chemerin and Th9/Treg Cell Imbalance in Patients
with Ulcerative Colitis. J Gastroenterol Hepatol, 33(2): 184—189.

LiZ, Yuan 'Y, 2024, Correlation Between Intestinal Flora Distribution and Serum TNF-a, IL-6 Levels in Patients with
Ulcerative Colitis. Chin J Anorectal Dis, 44(8): 44—46.

Zhou Y, Jiang P, Li H, 2023, Study on the Correlation Between Inflammatory Factors and Myeloperoxidase in the
Treatment of Ulcerative Colitis with Mesalazine Combined with Dandelion Polysaccharide. J Bengbu Med Coll,
48(2): 145-148.

Li X, Lai W, 2020, Analysis of Serum Inflammatory Cytokine Levels and Intestinal Flora Concentration in Patients
with Ulcerative Colitis Infected with Helicobacter pylori. Chin J Prev Med, 21(9): 995-998.

Ye J, Zhu M, Liu C, 2021, Relationship Between Intestinal Flora Disturbance and Th17/Treg Balance and Related
Cytokines in Patients with Ulcerative Colitis. China Med Herald, 18(16): 86-90.

Liu S, Wang F, 2020, Relationship Between Intestinal Flora Disturbance and Immune Balance of Th17/Treg and Its
Secretion of Inflammatory Cytokines in Patients with Ulcerative Colitis. Mod Med, 48(7): 862—867.

Ye H, Hu S, 2020, Changes and Significance of Th22 and Th17 Cells and Their Cytokines in Peripheral Blood of
Patients with Ulcerative Colitis. Chin J Health Insp, 30(17): 2130-2132.

Dai P, 2021, Comparison of Infliximab and Azathioprine in the Treatment of Refractory Inflammatory Bowel
Disease. Contemp Med Treat, 19(6): 102—103.

Deji Z, Yang P, Zhang L, et al., 2022, Comparison of Short-Term Efficacy and Clinical Outcome Between
Cyclosporine and Infliximab in the Treatment of Refractory Ulcerative Colitis. J Tongji Univ (Med Ed), 43(6): 799—
804.

Yang J, Dang X, 2022, Comparison of the Efficacy and Safety of Tofacitinib and Infliximab in the Treatment of
Inflammatory Bowel Disease: An Indirect Meta-Analysis. J Gastroenterol Hepatol, 31(12): 1404—1413.

348 Volume §&; Issue 12



[14]

[15]

[16]

[17]

(18]

[19]

[20]

Shen Y, Wang J, Li L, 2024, Relationship Between Serum Tim-3, Gal-9 Levels and Th1/Th2, Th17/Treg Cytokine
Balance in Patients with Inflammatory Bowel Disease. Shandong Pharm, 64(20): 63—66.

Lu X, Zhao T, Cheng H, et al., 2022, Therapeutic Effect of Mesenchymal Stem Cells Overexpressing Interleukin-10
on Inflammatory Bowel Disease. Chin J Biochem Mol Biol, 38(9): 1202-1212.

Xu'Y, Su S, 2024, Clinical Significance of Changes in Serum Biochemical Indicators, Blood Routine and Coagulation
Function in Patients with Inflammatory Bowel Disease. Adv Clin Med, 14(5): 661-668.

Shi Y, Yang Y, Shen M, et al., 2022, Correlation Analysis of miRNA-10a Expression and Serum TNF-a and IL-6
Levels in Patients with Inflammatory Bowel Disease in Active and Remission Stages. Chin J Integr Tradit Chin West
Med Digestion, 30(8): 579-584.

Sun Q, Liu X, Wang L, et al., 2024, Correlation Between Serum 25-Hydroxyvitamin D Level and the Degree of
Inflammatory Response in Children with Inflammatory Bowel Disease. Chin J Clinicians, 52(5): 603—606.

Zhao Z, Wu Y, Liu Y, et al., 2023, Observation on the Structure of Inflammatory Bowel Disease Cell Model with
Overexpression of SLC548 Gene and the Expression Changes of IL-8 and TGF-B1. Shandong Pharm, 63(32): 30-33.
Duan Y, 2023, Study on the Application of Serum IL-2, IL-6, IL-8, TNF-a, CRP in the Early Diagnosis and Activity
Evaluation of IBD in Children. China Med Innov, 20(30): 5-9.

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

349 Volume §&; Issue 12



