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Inflammatory bowel disease (IBD) comprises Crohn’s disease (CD) and ulcerative

colitis (UC), both characterized by chronic intestinal inflammation and an elevated

risk of colorectal cancer due to persistent inflammation. The Regenerating gene

(Reg) family proteins exhibit properties that promote cell proliferation, inhibit

apoptosis, reduce inflammation, combat microbial infections, and potentially

modulate the immune system. There is increasing evidence of the potential

function of the Reg family of proteins in the development of IBD and colorectal

cancer, but the exact mechanism of action of the Reg family of proteins has not yet

been fully clarified. In this paper, we reviewed the Reg protein family’s involvement in

the development of IBD by regulating intestinal microbes and immunity to maintain

intestinal homeostasis. We also explored its possible regulatory mechanisms and

signaling pathways in the progression and treatment of colorectal cancer, which is

expected to serve as a target and a new biomarker for the treatment of IBD and

colorectal cancer in the future.
KEYWORDS

Reg protein family, inflammatory bowel disease, colorectal cancer, Crohn’s disease,
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1 Introduction

Inflammatory bowel disease (IBD), an idiopathic inflammatory disease of the intestines

with clinical manifestations of diarrhea, abdominal pain, and even bloody stools, includes

Crohn’s disease and ulcerative colitis and involves the ileum, rectum, and colon (1). In the

21st century, IBD has become a widespread ailment that is on the rise in both developed and

developing countries. A regression analysis showed that the age-standardized prevalence of

IBD in 2019 was 15.42% in Africa, 59.25% in Asia, and 147.82% in Europe, showing a

significant upward trend, and the increasing global burden of IBD will pose a huge challenge

to healthcare systems around the world (2, 3). IBD is a chronic progressive disease, with the
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majority of patients experiencing recurrent disease flares over the

course of a long illness, reducing quality of life and increasing the

incidence of psychological problems significantly (4). In addition,

long-term chronic inflammation in the gut can induce DNA damage

through oxidative stress, leading to the activation of pro-oncogenes

and inactivation of oncogenes, which ultimately heightens the

susceptibility of patients to develop colorectal cancer (5).

A complete understanding of the causes and development of

IBD remains elusive, potentially arising from a complex interplay

between factors including immune response, genetic predisposition,

environmental influences, and microbiota (6). There is an

increasing amount of evidence indicating that the disruption of

the gut microbiota’s ecological balance serves as a catalyst for IBD

(7). Disruption of the mucosal barrier caused by ecological

dysregulation results in the persistence of inflammatory and

carcinogenic effects. The presence of specific harmful bacteria,

such as Escherichia coli and enterotoxigenic Bacteroides fragilis,

can trigger the release of proinflammatory and oncogenic

substances, thereby increasing the susceptibility to colorectal

cancer among individuals with IBD (8). The gastrointestinal tract,

being the body’s largest defense system, plays a vital role in

defending against potential pathogens from entering the body; the

dysfunction of the immune system within the intestines is also a

significant contributing factor to the development of IBD (9).

The Reg protein family was first detected in pancreatic islet cells in

1988 (10). Since its identification, Reg has been proven to be associated

with various health conditions including diabetes, inflammation of the

gastrointestinal tract, and cancer (11). An increasing amount of

evidence indicates that the expression of Reg is considerably elevated

in the gastrointestinal tract of individuals with IBD, and it possesses

antibacterial properties, anti-inflammatory effects, and tissue-healing

capabilities (12). In addition, the expression of the Reg protein family

has been observed in cancer and shown to impact prognosis. These

proteins have potential applications as diagnostic markers or

therapeutic targets for gastrointestinal tumors (13).

This paper examines the possible contribution of the Reg protein

family to the advancement and evolution of inflammatory bowel

disease and colorectal cancer, foreseeing their potential as therapeutic

targets and prognostic biomarkers in future applications.
2 Reg protein

Reg genes were first detected in pancreatic islet cells in 1988 (10). In

rodents, the Reg protein family includes Reg1, Reg2, Reg3a, Reg3b,
Reg3g, Reg3d, and Reg4, whereas in humans, it includes Reg1a, Reg1b,
Reg3a, Reg3g, and Reg4 (14). The Reg1 gene and its protein product

are derived from pancreatic alveolar cells (15). Recent research has

revealed an increase in the expression of Reg1 within the inflamed

epithelial lining of the colon, potentially associated with the

rejuvenation of colon mucosal cells and exhibiting anti-apoptotic

properties (16, 17). Reg1a was significantly upregulated in ulcerative

colitis-associated colorectal cancer (18). The expression of the Reg2

gene is typically observed in pancreatic alveolar cells. In normal

circumstances, it seems that the presence of Reg2 is not necessary for

preserving pancreatic islet function and maintaining glucose balance.
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However, when confronted with aging or obesity induced by a high-fat

diet, Reg2 plays a beneficial role in supporting the proliferation and

functionality of pancreatic b cells. This ultimately aids in sustaining

insulin secretion and promoting glucose homeostasis (19).

Reg3 is an antimicrobial peptide expressed mainly in Paneth

cells of the small intestine, which protects against bacteria and

inhibits bacterial translocation, and Reg3 facilitates the

maintenance of metabolic homeostasis in a variety of tissues and

organs, such as the liver, intestines, and skin (20). Reg4 was first

identified in high-throughput sequencing analysis of inflammatory

bowel disease libraries, and its expression is associated with

infection and inflammation, with pro-proliferative and anti-

apoptotic effects in a number of gastrointestinal tumors, such as

colorectal, hepatocellular, and gastric cancers (21,) (22).. In

summary, the Reg protein family exhibits a close relationship

with inflammation and cancer in the gastrointestinal tract,

necessitating a comprehensive understanding of their role in

inflammatory diseases. Consequently, targeting Reg proteins

could potentially pave the way for novel therapeutic interventions.
3 Role of Reg proteins in the
pathogenesis of IBD

3.1 Maintenance of intestinal homeostasis
by Reg proteins

Gut microbes act as a hub linking the external and intestinal

environments and play roles such as pathogen defense and immune

defense in the host. Gut microbes are important for maintaining

human health and mediating disease. For patients with inflammatory

bowel disease (IBD), there is an imbalance in the composition of

intestinal microorganisms, characterized by a reduction in the

abundance of Firmicutes and an elevation in Bacteroidetes and

Actinobacteria (7). In addition, ecological dysregulation of the gut

microbiota may induce intestinal inflammation by upregulating

Enterobacteriaceae, increasing lipopolysaccharide (LPS) production,

and activating inflammatory signaling pathways (23).

The expression of Reg4 is increased in the intestinal epithelium

among individuals with IBD (24). LPS is a constituent of the

external cellular barrier in Gram-negative bacteria. It can be

mediated by RAGE/TLR4 receptors in intestinal epithelial cells,

transferring LPS signals to cells and then promoting Reg4 gene

expression by inducing microRNA-24 downregulation. Reg4 acts as

a growth factor for intestinal epithelial cells to promote the

proliferation of intestinal mucosal epithelial cells (25) (Figure 1).

The study by Qi and colleagues found that Reg4 and complement

factor D-mediated membrane attack complexes potentially

contribute to the preservation of intestinal equilibrium through

the eradication of inflammatory Escherichia coli (26) (Figure 1).

Recently, the expression of Reg4 was increased in the mouse model

of Salmonella typhimurium infection. As a protein with

antibacterial properties, Reg4 hinders the mobility of Salmonella

typhimurium bacteria by selectively attaching to their flagella, which

effectively impedes bacterial colonization and diminishes the host’s

inflammatory reaction (27) (Figure 1). Therefore, Reg4 may be
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important for the future development of new drugs for infection-

associated intestinal inflammation.

Reg3g, an antimicrobial peptide belonging to the C-type lectin

family, is synthesized and released abundantly by Paneth cells in the

small intestine, which plays a crucial role in host defense by exhibiting

potent bactericidal properties (28). Intestinal microorganisms can

stimulate Paneth cells to secrete Reg3g through the Toll-like receptor

(TLR)/MyD88 pathway and can also stimulate the proliferation of

innate lymphoid cells (ILCs) by activating dendritic cells (DCs). ILCs

secrete IL-22 to induce the production of Reg3g in intestinal epithelial

cells, thereby inhibiting the colonization of Gram-positive bacteria and

enhancing the ability of intestinal epithelial cells to inhibit bacterial

survival (29,) (30). (Figure 2). Diet is closely related to inflammatory

bowel disease, and a high-fat diet is considered to be a cause of IBD.

The immune equilibrium in the intestine can be disturbed by a diet rich

in fats, leading to potential harm to the integrity of the intestinal

barrier, alterations in immune cells, and modifications in the

composition of intestinal microbiota (31). The intestinal

microorganisms exhibit distinct rhythms, and high-fat diets induce

disease by modifying the microbial community in the ileum and

disrupting the circadian rhythm of microorganisms. In a mouse

model, it was observed that the intestinal microbial rhythm primarily

relies on the dynamic interactions between diet, host, and microbes.

The circadian pattern of Reg3g expression is influenced by the presence
of intestinal microbes. Reg3g might contribute to preserving the

ecological balance within the community and promoting intestinal

health in hosts (32). Shin et al. (33) reinforced the presence of
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advantageous microorganisms in the gut, such as bifidobacteria and

lactobacilli, by implementing measures like introducing inulin or

conducting surgical procedures on the intestines. These microbial

communities stimulated the expression of Reg3g, leading to

improved glucose tolerance and maintenance of intestinal

homeostasis, thereby yielding metabolic advantages. In addition, the

presence of probiotics resulted in an enhancement of intestinal mucosal

barrier function in wild-type mice when compared to Reg3g-knockout
mice. This indicates that the improvement of intestinal barrier function

and the connection between microbiota and host physiology

necessitate some level of involvement from Reg3g (33). Recently, a

study on fecal microbiota transplantation revealed that the gut

microbiome contributes to mediating diet-induced increases in ileal

Reg3g and Reg3b expression, as well as circulating levels of Reg3b (34).
Additionally, gut microbiota-derived short-chain fatty acids can

promote intestinal epithelial cell Reg3g production and maintain

intestinal homeostasis via G protein-coupled receptor 43 (GPR43)

activation of mTOR and STAT3 (35) (Figure 2). In conclusion, Reg3g,
as part of the host immune system, canmaintain intestinal homeostasis

by inhibiting bacterial colonization and mediating gut microbiota–

host interactions.

Reg3b and Reg3g exhibit structural similarities, share

comparable expression patterns and regulatory mechanisms, and

demonstrate antimicrobial properties and the ability to promote

tissue healing (36). Recent research has shed light on the crucial

function of IL-22 in controlling inflammation within the intestines

and preserving the integrity of the epithelial barrier. IL-22 has the
FIGURE 1

Reg4 maintains intestinal homeostasis. LPS signal transduction through the RAGE/TLR4 receptor mediated intracellular inhibition of microRNA-24 expression,
thereby promoting the expression of Reg4, promoting the proliferation of intestinal epithelial cells. Reg4 and the complement factor D-mediated membrane
attack complex inhibit E. coli colonization. Reg4 binds to the flagella of S. typhimurium and inhibits bacterial movement, thereby inhibiting bacterial
colonization and reducing the host inflammatory response. LPS, lipopolysaccharide; RAGE, Receptor of Advanced Glycation Endproducts; TLR4, Toll-like
receptor 4; IECs, intestinal epithelial cells; MAC, membrane attack complex; E. coli, Escherichia coli. The figure was created with Photoshop.
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ability to induce Paneth cells to secrete Reg3b, which serves as an

effector downstream of IL-22 with potent antibacterial properties

(37) (Figure 2). In addition, Shindo and colleagues found elevated

expression of IL-6 and chitinase-like 3, a marker of tissue-repairing

macrophages, in the colons of Reg3b knockout mice compared to

wild-type mice after the administration of DSS, which may be

associated with worsening of colitis, suggesting that Reg3b
contributes to the alleviation of colitis in mice (38). Therefore, it

is speculated that Reg3b may function as an antimicrobial protein

and exert protective effects on IBD by inhibiting the colonization of

pathogenic bacteria. These studies indicate that Reg3b contributes

to antimicrobial activity, anti-inflammatory response, and tissue

regeneration, thereby offering a novel potential therapeutic target

for intestinal disorders.

However, dysregulation of antimicrobial peptide production

may disrupt gut flora homeostasis and may be associated with the

development of IBD. Jang et al. (39) found that high levels of

antimicrobial peptide Reg3 in the intestines of IBD patients could

lead to Enterococcus faecalis depletion, while Enterococcus faecalis

could increase the secretion of IL-22 to resist intestinal injury.

Reg3b promotes sustained intestinal colonization and diarrhea

duration of Salmonella typhimurium by inhibiting Bacteroides in

a murine model of Salmonella diarrhea (40) (Figure 2).
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These results suggest that although the Reg protein serves a

crucial function as an antimicrobial peptide in defending against

pathogenic microbial infections and maintaining intestinal

homeostasis, its overactivation may disrupt the symbiotic

relationship between the host and the intestinal microbiota and

induce intestinal diseases. In the future, we can further explore the

interaction between Reg protein–bacteria–IBD and elucidate their

regulatory mechanism, which is of great significance for intestinal

health promotion and the prevention and treatment of IBD.
3.2 Reg proteins regulate
intestinal immunity

Immune cells in the gut, including macrophages, dendritic cells,

and intrinsic lymphocytes, recognize invading pathogenic

microorganisms and kill and eliminate them. In addition, various

subpopulations of T and B cells, such as helper cells (Th1, Th2,

Th17, and Th9), also play a major part in IBD.

Both regulatory T cells (Tregs) and Th17 are derived from CD4+ T

cells. Transforming growth factor-b (TGF-b) plays a crucial role in

modulating the adaptive immune response (41). TGF-b stimulates

primitive CD4+ T cells and induces the development of Th17 cells and
FIGURE 2

The interaction between Reg3 and gut microbiota. Intestinal microorganisms induce the secretion of Reg3g by Paneth cells via the TLR4/MyD88
signaling pathway while also activating dendritic cells and promoting the proliferation of innate lymphoid cells. Innate lymphoid cells secrete IL-22 to
enhance the production of Reg3g in intestinal epithelial cells. Gut microbiota-derived short-chain fatty acids promote Reg3g production in intestinal
epithelial cells by activating mTOR and STAT3 via GPR43. IL-22 stimulated Paneth cells to produce Reg3b, which prolonged the intestinal
colonization of S. typhimurium by inhibiting Bacteroides. TLR, Toll-like receptor; MYD88, myeloid differentiation factor 88; IL-22, interleukin-22;
IECs, intestinal epithelial cells; SCFA, short-chain fatty acid; GRP43, G protein-coupled receptor 43; mTOR, mammalian target of rapamycin; STAT3,
signal transducer and activator of transcription 3. The figure was created with Photoshop.
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Treg cells. Treg cells play a negative role in immune regulation,

secreting cytokines with anti-inflammatory properties, such as IL-4

and IL-10, mainly by inhibiting the activity of Th cells and reducing the

production of proinflammatory factors, therefore controlling

inflammation, which is an important regulator of intestinal

homeostasis (42). Under normal conditions, Th17 cells act as a

defense mechanism against the onset of infections and maintain

intestinal immune homeostasis, whereas in immune dysregulation,

overproliferation of Th17 cells induces an abnormal immune response

in the body and mediates the development of immune-related diseases,

such as IBD (43). Th17 and Treg cells are linked to each other in

differentiation through TGF-b and inhibit each other in function.

Together, they maintain the balance of the body’s immune

microenvironment and, if disrupted, can lead to the development of

many autoimmune diseases, including IBD (44).

In its quiescent state, TGF-b exists in a transcriptionally

repressed conformation and necessitates activation to manifest its

biological effects (45). Integrin avb8 on DCs was found to activate

TGF-b and thus promote Th17 development by mouse models, and

defects in Th17 induced by DCs lacking integrin avb8 could be

rescued by the addition of exogenous TGF-b (46, 47).

Recent studies have found that the deficiency of Regg promotes

the upregulation of integrin avb8 on DCs, thereby inducing the

activation of TGF-b maturation and facilitating the differentiation

of Th17 cells (48). These findings suggest that Regg could be a

promising candidate for immunotherapy in IBD, making it a

potential target for future research.

The etiology of IBD remains unclear; however, an abnormal

response of the immune system leads to the development of IBD.

Some members of the Reg family of proteins have been found to be

autoantigens. RegII, regeneratively expressed in salivary gland

tubular epithelial cells of SS patients, is involved in the

autoimmune disease desiccation syndrome, which may affect the

regeneration and function of the salivary glands (49, 50). Gurr et al.

(51) found that RegII is a novel b-cell-derived autoantigen in NOD

mice and that an autoimmune response against this protein may

transform the regenerative process into an islet-destructive one,

accelerating the development of type 1 diabetes. It is speculated that

if Reg proteins are incorrectly recognized by the immune system as

foreign antigens in IBD, they may also trigger or exacerbate an

inflammatory response. Future studies need to further explore the

detailed mechanisms of Reg proteins in IBD immunomodulation in

order to better understand their roles in disease progression and

provide new ideas for the diagnosis and treatment of IBD.
4 Role of Reg proteins in the
development and therapeutic
prognosis of colorectal cancer

4.1 Reg1a

Chronic inflammation of the gut in patients with IBD increases

the risk of colorectal cancer, and patients with IBD accompanied by
Frontiers in Gastroenterology 05
a long course and a wide range of lesions are at a considerably

higher likelihood of developing colorectal cancer (52). A systematic

review and meta-analysis revealed that the incidence of colorectal

cancer in individuals diagnosed with UC was found to be 0.02%

(95% CI 0.00–0.04) after a decade, 4.81% (3.26–6.36) after two

decades, and 13.91% (7.09–20.72) after three decades (53). During

the period of 1969–2017, a cohort study conducted in Sweden and

Denmark, involving patients with IBD, revealed that individuals

with Crohn’s disease had a 40% higher likelihood of developing

concurrent colorectal cancer (CRC) compared to the general

population (54). The pathogenic factors contributing to the

development of colorectal cancer associated with inflammatory

bowel disease encompass the extent and duration of chronic

inflammation, genetic susceptibility, and the influence of

symbiotic microbiota. Chronic inflammation induces oxidative

stress-mediated DNA damage, thereby triggering oncogene

activation and tumor suppressor gene inactivation (55).

High expression of serum Reg1a in cancer patients was

identified as an independent risk factor for cancer from an

observational and cross-sectional study of 130 patients (56).

Defective transduction of the p53 signaling pathway is an early

event in the progression of developmental abnormalities to cancer.

p53 immunohistochemistry can be used for the diagnosis of UC-

associated colon cancer, and early mutations in P53 are detected in

the intestinal mucosa of colorectal cancer patients (55, 57).

Immunohistochemical analysis of colectomy samples from 31

patients with long-term UC revealed that Reg1a was significantly

elevated in ulcerative colitis-associated tumor tissues and was

significantly and positively correlated with p53 expression (58).

Knockout of the Reg1a gene significantly suppresses the viability of

colorectal cancer cells and then induces apoptosis via modulation of

the cyclin D1/CDK4 pathway and the BAX/BCL-2 pathway (59)

(Figure 3). The pro-proliferative and anti-apoptotic properties of

Reg1a may contribute to the pathogenesis of colorectal cancer

associated with inflammatory bowel disease. Reg1a may serve as a

new biomarker for the diagnosis of colorectal cancer patients.

The primary energy source utilized by tumor cells is glycolysis,

with aerobic glycolysis being recognized as an indicator of colorectal

cancer (60). A recent study revealed that Reg1a enhances the

expression of the oncogene MYC, which encodes a nucleoprotein,

in colorectal cancer by activating the Wnt/b-catenin signaling

pathway. Additionally, MYC forms a complex with lactate

dehydrogenase A (LDHA) to promote aerobic glycolysis in cancer

cells, thereby facilitating the proliferation and metastasis of

colorectal cancer cells. Furthermore, elevated levels of Reg1a are

indicative of an unfavorable prognosis for patients with colorectal

cancer (61) (Figure 3). In the future, targeting the Reg1a/b-catenin/
MYC/LDHA pathway could be a viable therapy option for

individuals with colorectal cancer.

In addition to its involvement in the development of colorectal

cancer, Reg1a also contributes to the treatment of this malignancy. The

expression of Reg1a is upregulated in colorectal cancer cell lines, and

genetic knockout of Reg1a has been shown to augment the sensitivity

of these cells toward 5-fluorouracil (5-FU) chemotherapy (59).
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4.2 Reg3a

Reg3a is not only a promising tumor marker but also plays a

key role in the development of gastrointestinal malignancies.

Previous research indicates that Reg3a can promote cell

proliferation and inhibit apoptosis, including regulating

keratinocyte differentiation and proliferation in damaged skin

tissues (62, 63). Reg3a also functions as a growth factor that acts

locally in hepatocytes, stimulating the proliferation and survival of

these cells (64). In pancreatic cancer cells, Reg3a accelerates cell

cycle progression by promoting the expression of cyclin D1 and

enhances the expression of the anti-apoptotic gene Bcl2, and in

pancreatic cancer cell lines SW1990 or BxPC-3, Reg3a promotes

pancreatic cancer cell growth, proliferation, and tumor formation

(65, 66). Chen et al. (67) observed a significant upregulation of

Reg3a mRNA levels in gastric cancer tissues, which subsequently

facilitated the proliferation and migration of gastric cancer cells via

activation of the JAK2/STAT3 signaling pathway. Therefore, based

on the intrinsic pro-proliferative and anti-apoptotic activities of

Reg3a, it can be speculated that overexpression of Reg3a in

colorectal cancer can promote colorectal tumor growth.
Frontiers in Gastroenterology 06
Earlier research has indicated that, in the presence of

inflammation, Reg3a facilitates the proliferation of pancreatic

cancer cells by activating the IL-6–JAK2/STAT3 signaling

pathway (65). Elevated levels of IL-6 and sIL-6R are observed in

the circulation and intestine of IBD patients, promoting colon

cancer cell proliferation and tumor growth (68). Reg3a has been

identified as a potential biomarker for the early detection of

colorectal cancer, and Reg3a gene expression is upregulated in

colorectal cancer tissues (69). Based on these findings, it is

postulated that Reg3a may facilitate the initiation and

progression of colorectal cancer in patients with IBD via

activation of the IL-6–JAK2/STAT3 signaling pathway. In

addition, Reg3a may promote colorectal tumorigenesis through

activation of the AKT and ERK1/2 pathways, and the higher the

expression level of Reg3a, the larger the colorectal tumor and the

poorer the prognosis (70) (Figure 3). The growth of colorectal

cancer cells, LOVO and RKO, was markedly suppressed upon the

downregulation of Reg3a (70). Reg3a promotes cancer cell cycle

progression and tumorigenicity by forming RNA–DNA triple-

stranded bodies with lncRNA Reg1CP and is associated with poor

patient prognosis (71). Overall, Reg3a may regulate the
FIGURE 3

Reg proteins promote or inhibit signaling pathways involved in the proliferation of colorectal cancer cells. The knockout of Reg1a gene significantly
impeded the viability of colorectal cancer cells and induced apoptosis via modulation of the cyclin D1/CDK4 pathway and the BAX/BCL-2 pathway.
Reg1a enhances the expression of the MYC gene in colorectal cancer by activating the Wnt/b-catenin signaling pathway, thereby promoting aerobic
glycolysis in cancer cells through its interaction with LDHA. This metabolic alteration contributes to the proliferation and metastasis of colorectal
cancer cells. The activation of the AKT and ERK1/2 pathways by Reg3a may contribute to the promotion of colorectal tumorigenesis. The inhibition
of STAT3 by Reg3b can effectively impede the initiation and progression of colorectal cancer tumors. Reg4 promotes colorectal cancer cell
proliferation and stem cell formation by interacting with the CD44 receptor and inducing its proteolysis, thereby increasing the expression of the
CD44 intracytoplasmic domain (CD44ICD). Reg4 promotes colorectal cancer stem cell formation through the Wnt/b-catenin pathway. CRC,
colorectal cancer; CD44ICD, CD44 intracytoplasmic domain; CDK4, cyclin-dependent kinases4; LDHA, lactate dehydrogenase A.
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proliferation and apoptosis of colorectal cancer cells through

multiple signaling pathways. It is considered a potential

pathogenic gene for colorectal cancer and is expected to be a

target for treating this disease.

However, Reg3a may also exert its function as a novel tumor

suppressor. In a study conducted on mice, it was observed that

overexpression of Reg3a led to the activation of T-cell-mediated

immune response, resulting in a suppressive effect on colon

adenocarcinoma. Additionally, analysis of clinical data revealed a

positive correlation between higher levels of Reg3a expression and

improved prognosis among patients diagnosed with colorectal

cancer (72). The examination of human gastric cancer cell culture

revealed that the promotion of tumor suppressor gene expression

by Reg3a could potentially impede the proliferation of gastric

cancer cells (73). Such inconsistent results of Reg3a may be due

to different research objects or may be caused by differences in the

selected pathological types of cancer cells, which need further

research and exploration in the future.

To conclude, the role of Reg3a in cancer conditions is

contradictory: in some studies, it can promote the proliferation of

cancer cells, but some studies have also found that Reg3a may be a

new type of tumor suppressor factor. Future research on Reg3amay

be a new idea for cancer treatment.
4.3 Reg3b

Reg3b, a lectin, has also recently been found to be involved in

the development of colorectal cancer. STAT3 is an important

immunomodulatory factor, which plays a significant pathogenic

part in colorectal cancer development, progression, and metastasis

(74). In the mouse model of colorectal cancer, it was found that

Reg3b could prevent colorectal cancer tumorigenesis and growth

through its inhibitory effect on STAT3, and the expression of Reg3b
was negatively related to the prognosis of colorectal cancer (75)

(Figure 3). Increasing Reg3b expression in colorectal cancer could

be a promising therapeutic strategy.
4.4 Reg4

Reg4 is highly upregulated in gastrointestinal malignancy. REG4

expression was significantly associated with a poorer overall survival

rate and recurrence-free survival rate according to the amount of

substrate (76). Li et al. (77) conducted immunohistochemical studies

on colorectal cancer tissues, adjacent tissues, non-adjacent tissues,

and adenoma tissues. They observed an upregulation of Reg4

expression in adjacent and adenoma tissues, while a decrease was

noted in colorectal cancer tissues. These findings suggest that Reg4

overexpression may be an early event in colorectal carcinogenesis.

Additionally, CD44 is recognized as a marker for tumor stem cells

with its intracytoplasmic domain (CD44ICD) playing an essential

part in cancer cell migration and proliferation (78). Bishnupuri et al.

(79) (Figure 3) discovered that through its interaction with the CD44
Frontiers in Gastroenterology 07
receptor and subsequent induction of proteolysis, Reg4 can enhance

the expression of the intracytoplasmic domain of CD44 (CD44ICD),

thereby activating transcription of type D cyclin involved in

regulating cancer cell proliferation. This ultimately promotes both

colorectal cancer cell proliferation and stem cell formation. The

correlation observed between Reg4 and CD44 or CD44ICD

suggests that Reg4 may contribute to the enhancement of colorectal

cancer cell proliferation and stem cell generation (80). KRAS is a

common mutant oncogene in colorectal cancer (81). Hwang et al.

(82) (Figure 3) found that mutant KRAS-induced Reg4 promotes

colorectal cancer stem cell formation via the Wnt/b-catenin pathway.

Recently, an engineered immunoglobulin (scFv-Reg4) was generated

which can bind specifically to Reg4 and block its biological activity,

significantly inhibiting cancer cell proliferation (83). These findings

indicate that Reg4 could potentially play a role in the initiation and

progression of colorectal tumors. In the future, it is anticipated that

Reg4 may serve as a valuable biomarker for predicting the prognosis

of colorectal cancer. Additionally, targeting Reg4 at the molecular

level holds promise for gene therapy approaches in treating

colorectal cancer.

5-FU is a chemotherapy drug commonly used in the treatment

of colorectal cancer; however, resistance to 5-FU chemotherapy

results in the failure of colorectal cancer treatment. Previous

research has demonstrated that lipid droplet accumulation

contributes to chemoresistance in colorectal cancer cells (84).

Zhang and his team recently discovered that Reg4 enhances

chemoresistance in colorectal cancer by suppressing the

transcription of ACC1 or ACLY, thereby impacting lipid droplet

synthesis and assembly (85). The scFv-Reg4 significantly enhances

the apoptotic effect of 5-FU, thereby indicating its potential as a

promising supplement for the treatment of gastrointestinal tumors

(83). The above shows that knockdown of the Reg4 gene can

enhance the sensitivity of colorectal cancer to chemotherapeutic

drugs, suggesting that the prognosis of colorectal cancer patients

can be improved by gene knockdown.

The expression of Reg4 is downregulated in chemoradiotherapy-

sensitive colorectal cancer cells (86). It suggests that Reg4 may be a

potential biomarker of sensitivity to radiotherapy in colorectal cancer

and could help predict treatment response in patients undergoing

RCT, thus enabling effective personalized treatment.

In brief, the involvement of the Reg protein in gastrointestinal

malignant tumors is significant, suggesting its potential as a valuable

biomarker for tumor diagnosis, prognosis, and targeted therapy. In

forthcoming research, targeting the Reg protein could be explored

to impede tumor growth, hinder proliferation, and overcome

drug resistance.
5 Conclusion

The pathogenesis of inflammatory bowel disease remains

elusive, involving the intricate interplay of environmental, genetic,

immune, microbial, and other factors. Dysbiosis of the intestinal

microbiota disrupts intestinal homeostasis and facilitates the onset
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and progression of IBD. Currently, clinical management primarily

relies on aminosalicylates and immunosuppressants. However,

prolonged medication usage is associated with heightened adverse

reactions and imposes substantial time and economic burdens on

patients. In addition, chronic inflammation of the intestinal tract

increases the risk of colorectal cancer, so new targets need to be

found to improve patient care. The Reg protein family is involved in

the regulation of intestinal flora and plays an important role in the

development and treatment of inflammatory bowel disease and

colorectal cancer, and in the future, through an in-depth study of

the relationship between Reg proteins and gastrointestinal

inflammation and malignant tumors, we can further explore the

signaling pathway that regulates the expression of Reg proteins to

develop relevant drugs to achieve therapeutic goals.
Author contributions

AY: Writing – original draft, Writing – review & editing. CH:

Writing – review & editing. XW: Writing – review & editing.

RZ: Writing – review & editing. WH: Writing – review & editing.

QL: Writing – review & editing.
Frontiers in Gastroenterology 08
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Flynn S, Eisenstein S. Inflammatory bowel disease presentation and diagnosis.
Surg Clin North Am. (2019) 99:1051–62. doi: 10.1016/j.suc.2019.08.001

2. Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, et al.
Worldwide incidence and prevalence of inflammatory bowel disease in the 21st
century: a systematic review of population-based studies. Lancet. (2017) 390:2769–
78. doi: 10.1016/S0140-6736(17)32448-0

3. Cao F, Liu YC, Ni QY, Chen Y, Wan C-H, Liu S-Y, et al. Temporal trends in the
prevalence of autoimmune diseases from 1990 to 2019. Autoimmun Rev. (2023)
22:103359. doi: 10.1016/j.autrev.2023.103359

4. Dubinsky MC, Dotan I, Rubin DT, Bernauer M, Patel D, Cheung R, et al. Burden
of comorbid anxiety and depression in patients with inflammatory bowel disease: a
systematic literature review. Expert Rev Gastroenterol Hepatol. (2021) 15:985–97.
doi: 10.1080/17474124.2021.1911644

5. Shah SC, Itzkowitz SH. Colorectal cancer in inflammatory bowel disease:
mechanisms and management. Gastroenterology . (2022) 162:715–730.e3.
doi: 10.1053/j.gastro.2021.10.035

6. Guan Q. A comprehensive review and update on the pathogenesis of inflammatory
bowel disease. J Immunol Res. (2019) 2019:1–16. doi: 10.1155/2019/7247238

7. Haneishi Y, Furuya Y, Hasegawa M, Picarelli A, Rossi M, Miyamoto J.
Inflammatory bowel diseases and gut microbiota. Int J Mol Sci. (2023) 24:3817.
doi: 10.3390/ijms24043817

8. Quaglio AEV, Grillo TG, Oliveira ECSD, Stasi LCD, Sassaki LY. Gut microbiota,
inflammatory bowel disease and colorectal cancer. World J Gastroenterol. (2022)
28:4053–60. doi: 10.3748/wjg.v28.i30.4053

9. Lu Q, Yang M, Liang Y, Xu J, Xu H-M, Nie Y-Q, et al. Immunology of
inflammatory bowel disease: molecular mechanisms and therapeutics. J
Inflammation Res. (2022) 15:1825–44. doi: 10.2147/JIR.S353038

10. Terazono K, Yamamoto H, Takasawa S, Shiga K, Yonemura Y, Tochino Y, et al.
A novel gene activated in regenerating islets. J Biol Chem. (1988) 263:2111–4.
doi: 10.1016/S0021-9258(18)69176-8

11. Chen Z, Downing S, Tzanakakis ES. Four decades after the discovery of
regenerating islet-derived (Reg) proteins: current understanding and challenges.
Front Cell Dev Biol. (2019) 7:235. doi: 10.3389/fcell.2019.00235

12. Edwards JA, Tan N, Toussaint N, Toussaint N, Ou P, Mueller C, et al. Role of
regenerating islet-derived proteins in inflammatory bowel disease. World J
Gastroenterol. (2020) 26:2702–14. doi: 10.3748/wjg.v26.i21.2702

13. Takasawa S. Regenerating gene (REG) product and its potential clinical usage.
Expert Opin Ther Targets. (2016) 20:541–50. doi: 10.1517/14728222.2016.1123691
14. Sun C, Wang X, Hui Y, Fukui H, Wang B, Miwa H. The potential role of REG
family proteins in inflammatory and inflammation-associated diseases of the
gastrointestinal tract. Int J Mol Sci. (2021) 22:7196. doi: 10.3390/ijms22137196

15. Tezel E, Nagasaka T, Tezel G, Kaneko T, Takasawa S, Okamoto H, et al. REG I as
a marker for human pancreatic acinoductular cells. Hepatogastroenterology. (2004)
51:91–6.

16. Shinozaki S, Nakamura T, Iimura M, Kato Y, Iizuka B, Kobayashi M, et al.
Upregulation of Reg 1alpha and GW112 in the epithelium of inflamed colonic mucosa.
Gut. (2001) 48:623–9. doi: 10.1136/gut.48.5.623

17. Dieckgraefe BK, Crimmins DL, Landt V, Houchen C, Anant S, Porche-Sorbet R,
et al. Expression of the regenerating gene family in inflammatory bowel disease mucosa:
Reg Ialpha upregulation, processing, and antiapoptotic activity. J Investig Med. (2002)
50:421–34. doi: 10.1136/jim-50-06-02

18. Sekikawa A. Possible role of REG Ialpha protein in ulcerative colitis and colitic
cancer. Gut. (2005) 54:1437–44. doi: 10.1136/gut.2004.053587

19. Li Q, Li B, Miao X, Ramgattie C, Gao ZH, Liu JL. Reg2 expression is required for
pancreatic islet compensation in response to aging and high-fat diet-induced obesity.
Endocrinology. (2017) 158:1634–44. doi: 10.1210/en.2016-1551

20. Shin JH, Seeley RJ. Reg3 proteins as gut hormones? Endocrinology. (2019)
160:1506–14. doi: 10.1210/en.2019-00073

21. Hartupee JC, Zhang H, Bonaldo MF, Soares MB, Dieckgraefe BK. Isolation and
characterization of a cDNA encoding a novel member of the human regenerating
protein family: Reg IV. Biochim Biophys Acta (BBA) - Gene Struct Expr. (2001)
1518:287–93. doi: 10.1016/s0167-4781(00)00284-0

22. Zheng HC, Xue H, Zhang CY. REG4 promotes the proliferation and anti-
apoptosis of cancer. Front Cell Dev Biol. (2022) 10:1012193. doi: 10.3389/
fcell.2022.1012193

23. Li J, Butcher J, Mack D, Stintzi A. Functional impacts of the intestinal
microbiome in the pathogenesis of inflammatory bowel disease. Inflammation Bowel
Dis. (2015) 21:139–53. doi: 10.1097/MIB.0000000000000215

24. Tsuchida C, Sakuramoto-Tsuchida S, Taked M, Itaya-Hironaka A, Yamauchi A,
Misu M, et al. Expression of REG family genes in human inflammatory bowel diseases
and its regulation. Biochem Biophys Rep. (2017) 12:198–205. doi: 10.1016/
j.bbrep.2017.10.003

25. Takasawa S, Tsuchida C, Sakuramoto-Tsuchida S, Uchiyama T, Makino M,
Yamauchi A, et al. Upregulation of REG IV gene in human intestinal epithelial cells by
lipopolysaccharide via downregulation of microRNA-24. J Cell Mol Med. (2022)
26:4710–20. doi: 10.1111/jcmm.17498
frontiersin.org

https://doi.org/10.1016/j.suc.2019.08.001
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1016/j.autrev.2023.103359
https://doi.org/10.1080/17474124.2021.1911644
https://doi.org/10.1053/j.gastro.2021.10.035
https://doi.org/10.1155/2019/7247238
https://doi.org/10.3390/ijms24043817
https://doi.org/10.3748/wjg.v28.i30.4053
https://doi.org/10.2147/JIR.S353038
https://doi.org/10.1016/S0021-9258(18)69176-8
https://doi.org/10.3389/fcell.2019.00235
https://doi.org/10.3748/wjg.v26.i21.2702
https://doi.org/10.1517/14728222.2016.1123691
https://doi.org/10.3390/ijms22137196
https://doi.org/10.1136/gut.48.5.623
https://doi.org/10.1136/jim-50-06-02
https://doi.org/10.1136/gut.2004.053587
https://doi.org/10.1210/en.2016-1551
https://doi.org/10.1210/en.2019-00073
https://doi.org/10.1016/s0167-4781(00)00284-0
https://doi.org/10.3389/fcell.2022.1012193
https://doi.org/10.3389/fcell.2022.1012193
https://doi.org/10.1097/MIB.0000000000000215
https://doi.org/10.1016/j.bbrep.2017.10.003
https://doi.org/10.1016/j.bbrep.2017.10.003
https://doi.org/10.1111/jcmm.17498
https://doi.org/10.3389/fgstr.2024.1386069
https://www.frontiersin.org/journals/gastroenterology
https://www.frontiersin.org


Yao et al. 10.3389/fgstr.2024.1386069
26. Qi H, Wei J, Gao Y, Yang Y, Li Y, Zhu H, et al. Reg4 and complement factor D
prevent the overgrowth of E. coli in the mouse gut. Commun Biol. (2020) 3:483.
doi: 10.1038/s42003-020-01219-2

27. Wang W, Wang Y, Lu Y, Zhu J, Tian X, Wu B, et al. Reg4 protects against
Salmonella infection-associated intestinal inflammation via adopting a calcium-
dependent lectin-like domain. Int Immunopharmacol. (2022) 113:109310.
doi: 10.1016/j.intimp.2022.109310

28. Shin JH, Bozadjieva-Kramer N, Seeley RJ. Reg3g: current understanding and
future therapeutic opportunities in metabolic disease. Exp Mol Med. (2023) 55:1672–7.
doi: 10.1038/s12276-023-01054-5

29. Xiao Y, Huang X, Zhao Y, Chen F, Sun M, Yang W, et al. Interleukin-33
promotes REG3g Expression in intestinal epithelial cells and regulates gut microbiota.
Cell Mol Gastroenterol Hepatol. (2019) 8:21–36. doi: 10.1016/j.jcmgh.2019.02.006

30. Kayama H, Okumura R, Takeda K. Interaction between the microbiota,
epithelia, and immune cells in the intestine. Annu Rev Immunol. (2020) 38:23–48.
doi: 10.1146/annurev-immunol-070119-115104

31. Dang Y, Ma C, Chen K, Chen Y, Jiang M, Hu K, et al. The effects of a high-fat
diet on inflammatory bowel disease. Biomolecules. (2023) 13:905. doi: 10.3390/
biom13060905

32. Frazier K, Kambal A, Zale EA, Pierre JF, Hubert N, Miyoshi S, et al. High-fat diet
disrupts REG3g and gut microbial rhythms promoting metabolic dysfunction. Cell Host
Microbe. (2022) 30:809–823.e6. doi: 10.1016/j.chom.2022.03.030

33. Shin JH, Bozadjieva-Kramer N, Shao Y, Lyons-Abbott S, Rupp AC, Sandoval
DA, et al. The gut peptide Reg3g links the small intestine microbiome to the regulation
of energy balance, glucose levels, and gut function. Cell Metab. (2022) 34:1765–1778.e6.
doi: 10.1016/j.cmet.2022.09.024

34. Udomsopagit T, Miwa A, Seki M, Shimbori E, Kadota Y, Tochio T, et al.
Intestinal microbiota transplantation reveals the role of microbiota in dietary
regulation of RegIIIb and RegIIIg expression in mouse intestine. Biochem Biophys
Res Commun. (2020) 529:64–9. doi: 10.1016/j.bbrc.2020.05.150

35. Zhao Y, Chen F, Wu W, Sun M, B AJ, Yao S, et al. GPR43 mediates microbiota
metabolite SCFA regulation of antimicrobial peptide expression in intestinal epithelial
cells via activation of mTOR and STAT3. Mucosal Immunol. (2018) 11:752–62.
doi: 10.1038/mi.2017.118

36. Narushima Y, UnnoM, Kichi N, Mori M, Miyashita H, Suzuki Y, et al. Structure,
chromosomal localization and expression of mouse genes encoding type III Reg, RegIII
alpha, RegIII beta, RegIII gamma. Gene. (1997) 185:159–68. doi: 10.1016/s0378-1119
(96)00589-6

37. Sato M, Inaba A, Iwatsuki K, Saito Y, Tadaishi M, Shimizu M, et al. Identification
of Reg3b-producing cells using IL-22-stimulated enteroids. Biosci Biotechnol Biochem.
(2020) 84:594–7. doi: 10.1080/09168451.2019.1695575

38. Shindo R, Katagiri T, Komazawa-Sakon S, Ohmuraya M, Takeda W, Nakagawa
Y, et al. Regenerating islet-derived protein (Reg)3b plays a crucial role in attenuation of
ileitis and colitis in mice. Biochem Biophys Rep. (2020) 21:100738. doi: 10.1016/
j.bbrep.2020.100738

39. Jang KK, Heaney T, London M, Ding Y, Putzel G, Yeung F, et al. Antimicrobial
overproduction sustains intestinal inflammation by inhibiting Enterococcus
colonization. Cell Host Microbe . (2023) 31:1450–1468.e8. doi: 10.1016/
j.chom.2023.08.002

40. Miki T, Goto R, Fujimoto M, Okada N, Hardt WD. The bactericidal lectin
regIIIb Prolongs gut colonization and enteropathy in the streptomycin mouse model
for salmonella diarrhea. Cell Host Microbe. (2017) 21:195–207. doi: 10.1016/
j.chom.2016.12.008

41. Li MO, Sanjabi S, Flavell RA. Transforming growth factor-beta controls
development, homeostasis, and tolerance of T cells by regulatory T cell-dependent
and -independent mechanisms. Immunity. (2006) 25:455–71. doi: 10.1016/
j.immuni.2006.07.011

42. Gomez-Bris R, Saez A, Herrero-Fernandez B, Rius C, Sanchez-Martinez H,
Gonzalez-Granado JM. CD4 T-cell subsets and the pathophysiology of inflammatory
bowel disease. Int J Mol Sci. (2023) 24:2696. doi: 10.3390/ijms24032696

43. Chen L, Ruan G, Cheng Y, Yi A, Chen D, Wei Y. The role of Th17 cells in
inflammatory bowel disease and the research progress. Front Immunol. (2023)
13:1055914. doi: 10.3389/fimmu.2022.1055914

44. Bin YJ, Min LM, Yun CZ, Hui H. The function and role of the th17/treg cell
balance in inflammatory bowel disease. Tian J, ed. J Immunol Res. (2020) 2020:1–8.
doi: 10.1155/2020/8813558

45. Annes JP, Munger JS, Rifkin DB. Making sense of latent TGFbeta activation.
J Cell Sci. (2003) 116:217–24. doi: 10.1242/jcs.00229

46. Melton AC, Bailey-Bucktrout SL, Travis MA, Fife BT, Bluestone JA, Sheppard D.
Expression of avb8 integrin on dendritic cells regulates Th17 cell development and
experimental autoimmune encephalomyelitis in mice. J Clin Invest. (2010) 120:4436–
44. doi: 10.1172/JCI43786

47. Travis MA, Reizis B, Melton AC, Masteller E, Tang Q, Proctor JM, et al. Loss of
integrin alpha(v)beta8 on dendritic cells causes autoimmunity and colitis in mice.
Nature. (2007) 449:361–5. doi: 10.1038/nature06110

48. Zhou L, Yao L, Zhang Q, Xie W, Wang X, Zhang H, et al. REGg controls Th17
cell differentiation and autoimmune inflammation by regulating dendritic cells. Cell
Mol Immunol. (2020) 17:1136–47. doi: 10.1038/s41423-019-0287-0
Frontiers in Gastroenterology 09
49. Yoshimoto K, Fujimoto T, Itaya-Hironaka A, Miyaoka T, Sakuramoto-Tsuchida S,
Yamauchi A, et al. Involvement of autoimmunity to REG, a regeneration factor, in patients
with primary Sjögren’s syndrome. Clin Exp Immunol. (2013) 174:1–9. doi: 10.1111/cei.12142

50. Fujimura T, Fujimoto T, Itaya-Hironaka A, Miyaoka T, Yoshimoto K, Sakuramoto-
Tsuchida S, et al. Significance of interleukin-6/STAT pathway for the gene expression of REG
Ia, a new autoantigen in sjögren’s syndrome patients, in salivary duct epithelial cells.Clin Rev
Allerg Immu. (2017) 52:351–63. doi: 10.1007/s12016-016-8570-7

51. Gurr W, Shaw M, Li Y, Sherwin R. RegII is a beta-cell protein and autoantigen in
diabetes of NOD mice. Diabetes. (2007) 56:34–40. doi: 10.2337/db06-0669

52. Keller DS, Windsor A, Cohen R, Chand M. Colorectal cancer in inflammatory
bowel disease: review of the evidence. Tech Coloproctol. (2019) 23:3–13. doi: 10.1007/
s10151-019-1926-2

53. Bopanna S, Ananthakrishnan AN, Kedia S, Yajnik V, Ahuja V. Risk of colorectal
cancer in Asian patients with ulcerative colitis: a systematic review and meta-analysis.
Lancet Gastroenterol Hepatol. (2017) 2:269–76. doi: 10.1016/S2468-1253(17)30004-3

54. Olén O, Erichsen R, Sachs MC, Pedersen L, Halfvarson J, Askling J, et al.
Colorectal cancer in Crohn’s disease: a Scandinavian population-based cohort study.
Lancet Gastroenterol Hepatol. (2020) 5:475–84. doi: 10.1016/S2468-1253(20)30005-4

55. Shah SC, Itzkowitz SH. Colorectal cancer in inflammatory bowel disease:
mechanisms and management. Gastroenterology. (2022) 162:715–730.e3.
doi: 10.1053/j.gastro.2021.10.035

56. Zhang Y, Yuan X, Zhu X, Wang Q, Yu X, Wei Q, et al. Serum REG Ia as a
potential novel biomarker in cancer: An observational study. Med (Baltimore). (2020)
99:e22281. doi: 10.1097/MD.0000000000022281

57. Kobayashi K, Tomita H, Shimizu M, Tanaka T, Suzui N, Miyazaki T, et al. p53
expression as a diagnostic biomarker in ulcerative colitis-associated cancer. Int J Mol
Sci. (2017) 18:1284. doi: 10.3390/ijms18061284

58. Tanaka H, Fukui H, Fujii S, Sekikawa A, Yamagishi H, Ichikawa K, et al.
Immunohistochemical analysis of REG Ia expression in ulcerative colitis-associated
neoplastic lesions. Digestion. (2011) 83:204–9. doi: 10.1159/000321808

59. Wang Y, Liu X, Liu J, Zhang T. Knockdown of REG Ia Enhances the sensitivity
to 5-fluorouracil of colorectal cancer cells via cyclin D1/CDK4 pathway and BAX/BCL-
2 pathways. Cancer Biother Radiopharm. (2019) 34:362–70. doi: 10.1089/cbr.2018.2746

60. Babaei-Jadidi R, KashfiH, Alelwani W, Bakhtiari AK, Kattan SW, Mansouri OA,
et al. Anti-miR-135/SPOCK1 axis antagonizes the influence of metabolism on drug
response in intestinal/colon tumour organoids. Oncogenesis. (2022) 11:4. doi: 10.1038/
s41389-021-00376-1

61. Zhou M, He J, Li Y, Jiang L, Ran J, Wang C, et al. N6-methyladenosine
modification of REG1a facilitates colorectal cancer progression via b-catenin/MYC/
LDHA axis mediated glycolytic reprogramming. Cell Death Dis. (2023) 14:557.
doi: 10.1038/s41419-023-06067-6

62. Lai Y, Li D, Li C, Muehleisen B, Radek KA, Park Jeong H, et al. The antimicrobial
protein REG3A regulates keratinocyte proliferation and differentiation after skin injury.
Immunity. (2012) 37:74–84. doi: 10.1016/j.immuni.2012.04.010

63. Jiang Z, Liu Y, Li C, Chang L, Wang W, Wang Z, et al. IL-36g Induced by the
TLR3-SLUG-VDR axis promotes wound healing via REG3A. J Invest Dermatol. (2017)
137:2620–9. doi: 10.1016/j.jid.2017.07.820

64. Lieu HT, Batteux F, Simon MT, Cortes A, Nicco C, Zavala F, et al. HIP/PAP
accelerates liver regeneration and protects against acetaminophen injury in mice.
Hepatology. (2005) 42:618–26. doi: 10.1002/hep.20845

65. Liu X, Wang J, Wang H, Yin G, Liu Y, Lei X, et al. REG3A accelerates pancreatic
cancer cell growth under IL-6-associated inflammatory condition: Involvement of a
REG3A-JAK2/STAT3 positive feedback loop. Cancer Lett. (2015) 362:45–60.
doi: 10.1016/j.canlet.2015.03.014

66. Zhang M, Zhou W, Zhao S, Li S, Yan D, Wang J. Eckol inhibits Reg3A-induced
proliferation of human SW1990 pancreatic cancer cells. Exp Ther Med. (2019) 18:2825–
32. doi: 10.3892/etm.2019.7889

67. Chen Z, Huang Z, Xue H, Lin X-Q, Chen R-P, Chen M-J, et al. REG3A promotes
the proliferation, migration, and invasion of gastric cancer cells. Oncotargets Ther.
(2017) 10:2017–23. doi: 10.2147/OTT.S131443

68. Taniguchi K, Karin M. IL-6 and related cytokines as the critical lynchpins
between inflammation and cancer. Semin Immunol. (2014) 26:54–74. doi: 10.1016/
j.smim.2014.01.001

69. Xu L, Wang R, Ziegelbauer J, Wu WW, Shen R-F, Juhl H, et al. Transcriptome
analysis of human colorectal cancer biopsies reveals extensive expression correlations
among genes related to cell proliferation, lipid metabolism, immune response and
collagen catabolism. Oncotarget. (2017) 8:74703–19. doi: 10.18632/oncotarget.20345

70. Ye Y, Xiao L, Wang SJ, YueW, Yin Q-S, SunM-Y, et al. Up-regulation of REG3A
in colorectal cancer cells confers proliferation and correlates with colorectal cancer risk.
Oncotarget. (2016) 7:3921–33. doi: 10.18632/oncotarget.6473

71. Yari H, Jin L, Teng L, Wang Y, Wu Y, Liu GZ, et al. LncRNA REG1CP promotes
tumorigenesis through an enhancer complex to recruit FANCJ helicase for REG3A
transcription. Nat Commun. (2019) 10:5334. doi: 10.1038/s41467-019-13313-z

72. Yu L, Zhou Y, Sun S, Wang R, Yu W, Xiao H, et al. Tumor-suppressive effect of
Reg3A in COAD is mediated by T cell activation in nude mice. BioMed Pharmacother.
(2023) 169:115922. doi: 10.1016/j.biopha.2023.115922

73. Wang L, Tuo H, Song Z, Li W, Peng Y. Reg3A (regenerating family member 3
alpha) acts as a tumor suppressor by targeting DMBT1 (deleted in Malignant brain
frontiersin.org

https://doi.org/10.1038/s42003-020-01219-2
https://doi.org/10.1016/j.intimp.2022.109310
https://doi.org/10.1038/s12276-023-01054-5
https://doi.org/10.1016/j.jcmgh.2019.02.006
https://doi.org/10.1146/annurev-immunol-070119-115104
https://doi.org/10.3390/biom13060905
https://doi.org/10.3390/biom13060905
https://doi.org/10.1016/j.chom.2022.03.030
https://doi.org/10.1016/j.cmet.2022.09.024
https://doi.org/10.1016/j.bbrc.2020.05.150
https://doi.org/10.1038/mi.2017.118
https://doi.org/10.1016/s0378-1119(96)00589-6
https://doi.org/10.1016/s0378-1119(96)00589-6
https://doi.org/10.1080/09168451.2019.1695575
https://doi.org/10.1016/j.bbrep.2020.100738
https://doi.org/10.1016/j.bbrep.2020.100738
https://doi.org/10.1016/j.chom.2023.08.002
https://doi.org/10.1016/j.chom.2023.08.002
https://doi.org/10.1016/j.chom.2016.12.008
https://doi.org/10.1016/j.chom.2016.12.008
https://doi.org/10.1016/j.immuni.2006.07.011
https://doi.org/10.1016/j.immuni.2006.07.011
https://doi.org/10.3390/ijms24032696
https://doi.org/10.3389/fimmu.2022.1055914
https://doi.org/10.1155/2020/8813558
https://doi.org/10.1242/jcs.00229
https://doi.org/10.1172/JCI43786
https://doi.org/10.1038/nature06110
https://doi.org/10.1038/s41423-019-0287-0
https://doi.org/10.1111/cei.12142
https://doi.org/10.1007/s12016-016-8570-7
https://doi.org/10.2337/db06-0669
https://doi.org/10.1007/s10151-019-1926-2
https://doi.org/10.1007/s10151-019-1926-2
https://doi.org/10.1016/S2468-1253(17)30004-3
https://doi.org/10.1016/S2468-1253(20)30005-4
https://doi.org/10.1053/j.gastro.2021.10.035
https://doi.org/10.1097/MD.0000000000022281
https://doi.org/10.3390/ijms18061284
https://doi.org/10.1159/000321808
https://doi.org/10.1089/cbr.2018.2746
https://doi.org/10.1038/s41389-021-00376-1
https://doi.org/10.1038/s41389-021-00376-1
https://doi.org/10.1038/s41419-023-06067-6
https://doi.org/10.1016/j.immuni.2012.04.010
https://doi.org/10.1016/j.jid.2017.07.820
https://doi.org/10.1002/hep.20845
https://doi.org/10.1016/j.canlet.2015.03.014
https://doi.org/10.3892/etm.2019.7889
https://doi.org/10.2147/OTT.S131443
https://doi.org/10.1016/j.smim.2014.01.001
https://doi.org/10.1016/j.smim.2014.01.001
https://doi.org/10.18632/oncotarget.20345
https://doi.org/10.18632/oncotarget.6473
https://doi.org/10.1038/s41467-019-13313-z
https://doi.org/10.1016/j.biopha.2023.115922
https://doi.org/10.3389/fgstr.2024.1386069
https://www.frontiersin.org/journals/gastroenterology
https://www.frontiersin.org


Yao et al. 10.3389/fgstr.2024.1386069
tumors 1) in gastric cancer. Bioengineered. (2021) 12:7644–55. doi: 10.1080/
21655979.2021.1981800

74. Chalikonda G, LeeH, Sheik A,HuhYS. Targeting key transcriptional factor STAT3 in
colorectal cancer. Mol Cell Biochem. (2021) 476:3219–28. doi: 10.1007/s11010-021-04156-8

75. Liu X, Wei W, Li X, Shen P, Ju D, Wang Z, et al. BMI1 and MEL18 promote
colitis-associated cancer in mice via REG3B and STAT3. Gastroenterology. (2017)
153:1607–20. doi: 10.1053/j.gastro.2017.07.044

76. Kang G, Oh I, Pyo J, Kang D, Son B. Clinicopathological significance and
prognostic implications of REG4 immunohistochemical expression in colorectal
cancer. Medicina (Mex). (2021) 57:938. doi: 10.3390/medicina57090938

77. Li X-H, Zheng Y, Zheng H-C, Takahashi H, Yang X-H, Masuda S, et al. REG IV
overexpression in an early stage of colorectal carcinogenesis: an immunohistochemical
study. Histol Histopathol. (2010) 25:473–84. doi: 10.14670/HH-25.473

78. Nagano O, Saya H. Mechanism and biological significance of CD44 cleavage.
Cancer Sci. (2004) 95:930–5. doi: 10.1111/j.1349-7006.2004.tb03179.x

79. Bishnupuri KS, Sainathan SK, Ciorba MA, Houchen CW, Dieckgraefe BK. Reg4
interacts with CD44 to regulate proliferation and stemness of colorectal and pancreatic
cancer cells. Mol Cancer Res. (2022) 20:387–99. doi: 10.1158/1541-7786.MCR-21-0224
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