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Pancreatic regenerating (REG) protein is primarily
expressed in pancreatic tissue, synthesized and secreted
by pancreatic acinar cells, and expressed at low levels in
the gastrointestinal tract, brain tissue, and urinary system.
An increase in the expression of REG protein can be
observed in situ or ectopically when there is
inflammatory damage to the tissue [1]. REG protein plays
an anti-apoptotic and regenerative role in islet β-cells and
nerve cells, as well as a proliferative, differentiative, and
anti-infective role in the liver, pancreas, and
gastrointestinal tract [2]. This article reviews the
application value of the REG protein family in diabetes
warning, diagnosis, and treatment.

1 Origin and Classification of the REG Protein
Family

In 1979, De Care et al. first isolated a novel protein
called pancreatic stone protein (PSP) from pancreatic
stones of patients with chronic calcifying pancreatitis. A
pH-dependent protein called pancreatic thread protein
(PTP) was discovered in human pancreatic tissue and
pancreatic juice. A pancreatic regeneration-related gene
related to the regeneration, proliferation, and
differentiation of islet β-cells was screened from a cDNA
library of regenerated islet cells in rats with 90% of their
pancreas removed, and was named the regenerating gene
(REG gene). The small molecular weight (16,000) protein
enCoded by the REG gene is called REG protein.
Watanabe isolated the REG gene from human pancreatic
tissue and found through sequencing analysis that PSP,
PTP, and REG proteins may be products enCoded by the
same REG gene, unifying their names as REG protein[3].
REG I, REGⅡ, REGⅢ, and REGⅣ constitute a large
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REG gene family, encoding different subtypes of REG
proteins. Currently, the names of REG family members
are mixed and not yet unified. This discussion
summarizes and categorizes relevant terminology based
on NCBI Genebank [Table 1] [4].

2 Structure and Function of REG Proteins

The REG protein family belongs to the
calcium-dependent plant lectin superfamily, characterized
by the presence of a C-type lectin domain (CTLD) that
selectively binds to various ligands and carbohydrates to
exert biological effects. REG family genes are highly
homologous, and the protein structures are conserved, but
different protein subtypes exhibit different characteristics
and perform different functions.

The REGⅠ gene is located on chromosome 2p12,
with a full length of 2,922 bp, encoding 166 amino acids.
The REGI protein has a signal peptide composed of 22
amino acids at the N-terminus, which has the function of
cleaving protein chains. REGI protein has two subtypes,
REGIα and REGIβ, with 87% homology. Human REGI
protein contains an externally attached glycan, producing
different isoforms, which may be related to protein
localization and stability. The receptor of REG Iα is
exostosin tumor-like 3 (EXTL3), which can mediate REG
Iα protein to regulate the growth of nerve synapses. REGI
protein has the biological effect of promoting the
proliferation and regeneration of pancreatic cells (islet β
cells), gastric epithelial cells, and gastric progenitor cells.

Overexpression of REGI protein significantly attenuates
the apoptotic effect of tumor necrosis factor-alpha
(TNF-α) in pancreatic cells [5].

The REGⅡ gene is only expressed in rodents, while
the REGⅢ gene expresses four subtypes in rodents and
two in humans, namely REGⅢα and REGⅢγ. Human
REGⅢα protein is also known as hepatocarcinoma
intestinal pancreatitis-associated protein or
pancreatitis-associated protein. REGⅢα protein has no
biological activity under normal physiological conditions,
but exhibits antibacterial properties after trypsin
hydrolysis. REGⅢγ protein, also known as
pancreatitis-associated protein B, is similar to REGⅢα
protein and has important clinical significance in early
recognition of pancreatitis, assessment of disease severity,
and prognosis [6-7]. The REG Ⅳ gene is expressed in
both humans and rodents, but it has the lowest homology
with the REG gene family. Unlike other REG genes with
six exons, the REG Ⅳ gene has seven exons. The REG Ⅳ
gene is located independently on chromosome 1p12 and
is involved in tumorigenesis and development [8].

Multiple studies have suggested that the REG
protein family in pancreatic exocrine cells significantly
increases its expression under injury or inflammatory
stimulation, binding to the pancreatic endocrine cell
surface receptor EXTL3 through paracrine or autocrine
forms, exerting effects such as promoting proliferation,
resisting apoptosis, inducing differentiation, and
anti-inflammatory and anti-infective actions [9].

Tab. 1 List of REG family classifications
Name/Gene ID Aliases Location Translation Product (amino acid)
Homo sapiens (human)
REGⅠα (REG1A) PSP, PSPS, PSPS1, PTP, REG 2p12 166
REGⅠβ (REG1B) PSPS2, REGH, REGL 2p12 166
REGⅢα (REG3A) PAP, PAP1, REG3, REGⅢ, INGAP, HIP/PAP 2p12 175
REGⅢγ (REG3G) PAP1B, UNQ429, LPPM429, REGⅢ 2p12 175
REGIV (REG4) GISP, RELP 1p12 158

Mus musculus (house mouse)
RegⅠ (Reg1) PSP, PTP 6C3 165
RegⅡ (Reg2) PSP, PTP, REG-2 6C3 173
RegⅢα (Reg3a) AV063448 6C3 175
RegⅢβ (Reg3b) HIP, Pap, PAP1, REG-III 6C3 175
RegⅢδ (Reg3d) INGAP, Ingaprp 6C3 175
RegⅢγ (Reg3g) AI449515 6C3 174
RegⅣ (Reg4) GISP, RELP, 2010002L15Rik 3F2.2 157

Rattus norvegicus (Norway rat)
RegⅠα (Reg1a) Reg, RGPI, Reg1, Rgp1, LITHOST, RATRGPI, RATLITHOST 4q33 165
RegⅢα (Reg3a) Pap2, PapII 4q33 174
RegⅢβ (Reg3b) Pap, Pap1 4q33 180
RegⅢγ (Reg3g) Pap3, PAPIII 4q33 174
RegⅣ (Reg4) — 2q34 157

3 The Relationship between REG Protein Family
and Different Types of Diabetes

Diabetes is a metabolic disorder syndrome
characterized primarily by hyperglycemia. In 2021, the
International Diabetes Federation (IDF) reported that the
number of adult diabetic patients globally was 537
million, and it is expected to reach 783 million by 2045
[10]. The number of diabetic patients in China has
reached 140 million [11], ranking first in the world. This
section provides an overview of the pathogenesis

characteristics of different types of diabetes and the role
of REG protein family in diabetes.

3.1 Type 1 Diabetes Mellitus (T1DM)

The incidence of T1DM is increasing year by year,
with nearly 2/3 of T1DM patients belonging to
adult-onset cases. Its pathogenesis and clinical
manifestations are highly heterogeneous, making early
diagnosis and differential diagnosis more difficult, often
leading to misdiagnosis as type 2 diabetes mellitus
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(T2DM). Currently, there are four common mechanisms
for T1DM.

First, insulin deficiency caused by autoimmune
destruction, with the core pathological and physiological
characteristics being immune-mediated islet β-cell injury
and chronic inflammation leading to absolute insulin
deficiency [12].

Second, insulin resistance. Some T1DM patients
exhibit characteristics of "double diabetes". Patients with
T1DM who have both metabolic disorders and
autoimmune abnormalities often experience insulin
resistance. The genetic characteristics of these "double
diabetes" patients are highly similar to those of T1DM
patients [13].

Third, obesity-related T1DM. The proportion of
T1DM patients with overweight and obesity is increasing
year by year. The risk of developing childhood and
adolescent T1DM in the offspring of overweight or obese
women is significantly higher. Overweight and obese
T1DM patients are more likely to experience insulin
resistance and other characteristics of "double diabetes"
[14].

Forth, programmed death receptor-1 (PD-1) /
programmed death ligands (PD-Ls) pathway theory.
Activated immune T cells express the type I
transmembrane glycoprotein PD-1. When PD-1 binds to
its ligand PD-Ls, it inhibits T cell activation, reduces islet
β-cell damage, and limits the development of T1DM.
Lack of PD-Ls in the body can lead to increased
activation of autoimmune T cells, increasing the
susceptibility and risk of T1DM.

The four mechanisms described above illustrate
different ways of damaging islet β-cells, suggesting that
islet β-cells are a key factor in the development of T1DM.
The REG protein family plays a certain biological role in
the process of resistance to apoptosis and proliferation
and regeneration of islet β-cells. In REGⅠ gene knockout
mice, the size of the islets was significantly reduced, and
the number was significantly decreased. REGⅠ gene
overexpression increased islet beta cell regeneration in
mice. The progression of diabetes in T1DM offspring
mice carrying overexpressed REGⅠ gene was significantly
delayed. Endoplasmic reticulum stress is an important
mechanism for islet beta cell damage. In the model
induced by endoplasmic reticulum stress, REGⅠ protein
levels were upregulated; the serum REGⅠprotein level of
diabetic patients caused by endoplasmic reticulum stress
was also significantly increased [9]. REGⅡ protein is
unique to rodents, with autoimmune epitopes at its
N-terminus, which induce islet beta cell damage and
participate in the occurrence of T1DM. However, its
C-terminus has a calcium-like lectin domain that protects
the islets. When mouse insulinoma cells overexpress
endogenous REGⅡ gene, mitochondrial damage and
endoplasmic reticulum stress in islet β-cells are inhibited.
Specific knockout of the REGⅡ gene leads to decreased
insulin levels and impaired glucose tolerance in mice.
REGⅡ is involved in the pathogenesis of diabetes and
regulates the proliferation and regeneration of islet
β-cells.

Bariatric surgery is gradually being used in obese
patients with T1DM to adjust the secretion and release of
various intestinal hormones, helping to reduce insulin
resistance, control blood sugar, reduce weight, and
improve overall metabolism [15]. The main advantage of
stem cell therapy (SCT) is to down-regulate immune
rejection and promote the differentiation of stem cells
into functional islet β-cells or β-like cells to treat T1DM
[16]. Inducing the proliferation and regeneration of islet
β-cells is another potential method for treating diabetes.
The biological role of the REG family in the regeneration
and proliferation of islet β-cells is expected to become a
new target for the treatment of T1DM.

3.2 T2DM

The survey in 2023 showed that the prevalence of
T2DM globally is increasing at a rate of over 1.5%
annually [17]. The pathogenesis of T2DM is complex,
with eight previous pathophysiological abnormalities and
four new mechanisms of pathogenesis, collectively
forming the "twelve-part theory" [18]. This section will
briefly describe the four new mechanisms.

Firstly, the activation of chronic inflammation,
which mainly refers to metabolic inflammation in T2DM,
is characterized by immune cell infiltration, abnormal
production of cytokines, and activation of inflammatory
signaling pathways. Cytokines such as IL-1β, TNF-α, and
IL-6 have been proven to be key factors involved in the
pathogenesis of pancreatic β-cell damage; signaling
pathways such as c-Jun N-terminal kinase (JNK), p38
mitogen-activated protein kinase (MAPK), and
extracellular signal-regulated protein kinase 1/2 (ERK1/2)
are related to the dysfunction and apoptosis of pancreatic
β-cells. Therapeutic drugs targeting this pathway include
glucagon-like peptide-1 (GLP-1) receptor agonists,
sodium-glucose co-transporter 2 (SGLT-2) inhibitors, and
anti-inflammatory drugs [19].

Secondly, immune dysfunction, characterized by
reduced activity of natural killer cells (NK cells), leading
to abnormal T-cell immune function, abnormal secretion
of multiple cytokines and receptor levels, resulting in
immune dysfunction in T2DM patients. Therapeutic
drugs targeting this pathway include GLP-1 receptor
agonists, SGLT-2 inhibitors, and immunomodulators [20].

Furthermore, intestinal flora imbalance has been
proven to participate in the disease process of T2DM
through various complex mechanisms. Currently, the
short-chain fatty acid theory, bile acid theory, and
endotoxin theory are widely recognized. Therapeutic
drugs targeting this pathway include GLP-1 receptor
agonists, dipeptidyl peptidase 4 (DPP-4) inhibitors,
α-glucosidase inhibitors, amylase analogs, and metformin
[21].

Last, excessive deposition of pancreatic amyloid
protein; in healthy individuals, the pancreas secretes islet
amyloid polypeptide to help regulate blood sugar levels
and gastric food volume. In pathological conditions, islet
amyloid polypeptide transforms into amyloid fibrils that
deposit and accumulate in the body, destroying islet
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β-cells and islet structure [22]. The specific mechanism of
amyloid polypeptide lesions is still unclear, and drug
development targeting this pathway is a focus for the
future.

Clinical studies have shown that REG Iα protein is
closely related to T2DM and its complications. Except for
patients with T1DM, serum REG Iα protein levels are
also significantly elevated in patients with T2DM,
suggesting that REG Iα protein can be used as a
biomarker for pancreatic β-cell damage and regeneration.
Yang et al. [23] reported that both newly diagnosed
T2DM patients and long-term T2DM patients with
multiple complications had upregulated serum REG Iα
protein levels, and the increasing trend was associated
with the duration of diabetes. The longer the duration of
diabetes, the higher the serum REG Iα protein level,
suggesting that serum REG Iα protein can help predict the
progression of T2DM. Zhu et al. [24] found that
compared with healthy controls and diabetic patients,
diabetic kidney disease patients had higher serum REG Iα
protein levels, and REG Iα protein was positively
correlated with serum creatinine levels and negatively
correlated with glomerular filtration rate, suggesting that
REG Iα may be a potential indicator of renal insufficiency.
Wang et al. [25] also confirmed that the REG Iα gene can
be used as a biomarker to predict the risk of diabetic
kidney disease.

REG Iα protein is a potential new biomarker for
predicting the occurrence and development of T2DM and
its complications, with clinical practical value.

3.3 Gestational Diabetes Mellitus and Special Types
of Diabetes Mellitus

In 2021, the International Diabetes Federation (IDF)
reported that the global incidence of gestational diabetes
mellitus (GDM) reached 16.7% [10]. Insulin resistance is
the primary feature of GDM, and in the middle and late
stages of pregnancy, maternal obesity and various
hormones released by the placenta can cause varying
degrees of insulin resistance, leading to GDM [26].
Serum REG Iα can be used as a potential novel biomarker
for early detection of pregnancy-related diseases [27].
Zhu et al. [28] and Romana et al. [29] found that serum
REG Iα levels are closely related to renal function in
pregnant women and are potential biological indicators
for assessing renal insufficiency in GDM pregnant
women.

Diabetes of exocrine pancreas (DEP) belongs to
special types of diabetes, mainly including
post-pancreatitis diabetes, diabetes associated with
pancreatic cancer, and diabetes related to cystic fibrosis
[30]. The main pathogenesis of DEP includes pancreatic
islet dysfunction and insulin secretion insufficiency,
insulin resistance, reduced intestinal-derived incretin,
intestinal flora disturbance, and genetic factors [31].
REGⅠ is a biomarker for pancreatitis [32] and pancreatic
cancer [33]. Although there are no direct studies
exploring the relationship between the REG family and
DEP, given the close relationship between the REG

family and the causes of DEP, pancreatitis, and pancreatic
cancer, it suggests that REG may have a certain
association with DEP. The protective role of the REG
family in pancreatic β-cells is also expected to provide
new ideas and targets for the treatment of DEP.

4 Conclusion and Prospect

In summary, the REG protein family plays an
important role in the field of diabetes, promoting the
regeneration, proliferation, and differentiation of
pancreatic β-cells as a cell regeneration factor. It is
expected to provide new ideas and directions for targeted
diabetes treatment in the future. REG Iα protein, a
member of this family, is a novel biomarker for diabetes
and diabetic complications, and has a clinical warning
role in the risk of diabetic kidney disease. However,
current research on REG family proteins is still not
comprehensive and in-depth, and the signaling pathways
and expression regulation methods are not yet unified.
The causal relationship as a biomarker is still unclear and
requires continuous research in molecular research and
long-term, multicenter, prospective cohort studies.
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