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Abstract
In this editorial, we highlight the study by Wang et al published in a recent issue 
of the World Journal of Diabetes. Type 2 diabetes is increasingly recognized as a β-
cell dysfunction disorder, with apoptosis and dedifferentiation being key factors 
in insulin secretion loss. β-cell dedifferentiation is a regression from a mature 
insulin-secretory phenotype to a progenitor-like state, characterized by the loss of 
key transcription factors such as pancreatic and duodenal homeobox 1 and MAF 
bZIP transcription factor A, and the ectopic expression of developmental markers 
such as neurogenin 3 and aldehyde dehydrogenase 1 family member A3. This 
editorial discusses the key role of metabolic stress-saturated fatty acids and high 
glucose-in triggering dedifferentiation through endoplasmic reticulum (ER) stress 
and repression of the forkhead box protein O1 (FoxO1) transcription factor. The 
study by Wang et al demonstrated how ER dysfunction and FoxO1 suppression 
collaborate to destabilize β-cell identity. Notably, evidence suggests that this 
process can be reversed under certain circumstances, with potential for therapies 
aiming to redifferentiate β-cells or prevent identity loss. We also outline the the-
rapeutic potential of modulating ER stress pathways, controlling FoxO1 activity, 
and developing biomarkers to track β-cell plasticity in patients. Overall, β-cell 
dedifferentiation knowledge and manipulation offer new avenues for the treat-
ment of diabetes by restoring functional β-cell mass.

Key Words: Diabetes; Pancreatic β-cells; Dedifferentiation; Endoplasmic reticulum stress; 
Forkhead box protein O1; Aldehyde dehydrogenase 1 family member A3
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Core Tip: This editorial highlights the emerging role of β-cell dedifferentiation as a central mechanism of β-cell failure in 
type 2 diabetes, alongside apoptosis. We emphasize recent findings that chronic metabolic stressors, namely glucotoxicity 
and lipotoxicity, initiate ER stress and suppress forkhead box protein O1 activity, leading to the loss of β-cell identity and 
function. The reversibility of this process introduces new therapeutic possibilities aimed at preserving or restoring en-
dogenous insulin production.

Citation: Al Madhoun A, Bahman F, Ahmad R. β-cell dedifferentiation in type 2 diabetes: Interplay of metabolic stress, endoplasmic 
reticulum dysfunction, and forkhead box protein O1 inhibition. World J Diabetes 2025; 16(9): 109274
URL: https://www.wjgnet.com/1948-9358/full/v16/i9/109274.htm
DOI: https://dx.doi.org/10.4239/wjd.v16.i9.109274

INTRODUCTION
Type 2 diabetes (T2D) is a growing global health crisis characterized by insulin resistance and involving pancreatic β-cell 
dysfunction. While β-cell apoptosis has long been considered the primary mechanism of β-cell failure in diabetes, recent 
research has revealed β-cell dedifferentiation to be an equally important pathologic process[1,2]. Dedifferentiation 
implicates the functional regression of mature insulin-producing cells into a progenitor-like phenotype, marked by the 
downregulation of key β-cell identity markers such as pancreatic and duodenal homeobox 1 (PDX1), MAF bZIP 
transcription factor A (MAFA), and insulin, with concomitant aberrant re-expression of progenitor cell markers such as 
neurogenin 3 (Ngn3) and POU class 5 homeobox 1/octamer-binding transcription factor 4[3]. The rediscovery of β-cell 
plasticity through dedifferentiation has transformed our understanding of diabetes pathophysiology, suggesting that 
functional β-cell mass is more dynamic than previously appreciated[4].

The recent work by Wang et al[5] has advanced this field by delineating the molecular mechanisms whereby 
endoplasmic reticulum (ER) stress and forkhead box protein O1 (FoxO1) inhibition drive β-cell dedifferentiation in the 
context of metabolic stress. Their findings provide valuable insights into how chronic nutrient excess, a hallmark of T2D, 
initiates cellular reprogramming mechanisms that compromise β-cell identity and function. This editorial synthesizes the 
current understanding of β-cell dedifferentiation, discussing its cellular characteristics, molecular inducers, and the-
rapeutic promise as a target in the treatment of diabetes. We assess the multifaceted interplay among metabolic stress, ER 
dysfunction, and transcriptional regulation in driving β-cell identity loss, while evaluating new strategies to prevent or 
reverse the process for therapeutic benefit.

CHARACTERISTICS OF Β-CELL DEDIFFERENTIATION
β-cell dedifferentiation is a pathologic reversion of specialized endocrine cells towards a less differentiated state, 
effectively altering their transcriptional program and functional capacity[6]. The process is characterized by three sig-
nature molecular features that collectively result in loss of β-cell identity[3]. First, the significant downregulation of β-cell-
enriched genes, including key transcription factors PDX1, MAFA, and Nkx6.1, which are crucial for maintaining the 
function of mature β-cells, and reduction in the expression of genes involved in glucose sensing and insulin biosynthesis. 
Second, dedifferentiated cells exhibit aberrant expression of “forbidden” genes that are normally suppressed in mature β-
cells such as aldehyde dehydrogenase 1 family member A3 (Aldh1a3), a biomarker of the dedifferentiated state[2,7]. 
Third, there is reactivation of endocrine progenitor markers, such as Ngn3, hairy and enhancer of split family basic helix-
loop-helix transcription factor 1, and POU class 5 homeobox 1/octamer-binding transcription factor 4, reflecting partial 
reversal to an earlier developmental state[8].

At the functional level, these molecular changes manifest as impaired glucose-stimulated insulin secretion and cellular 
metabolism abnormalities. Interestingly, dedifferentiation appears to be a graded process rather than an all-or-none phe-
nomenon, and cells may exist in various intermediate developmental stages along the differentiation spectrum. This 
plasticity may underlie the observations of some studies reporting the existence of insulin-positive cells with progenitor 
marker expression in diabetic islets[2]. Notably, the reversibility of dedifferentiation, as shown by redifferentiation 
potential experiments under appropriate conditions, offers exciting therapeutic promise for diabetes treatment[9,10].

EVIDENCE FROM HUMAN STUDIES AND ANIMAL MODELS
The pathophysiological relevance of β-cell dedifferentiation has been firmly established by both human pathology 
research and experimental animal models. Post-mortem examination of pancreatic tissue from patients with T2D has 
shown the presence of β-cells co-expressing insulin with progenitor markers such as Ngn3 and Aldh1a3, with direct 
demonstration of dedifferentiation in human diabetes[2]. These data were complemented by observations from rodent 
models of diabetes. In db/db mice, a classic model of obesity-induced diabetes, progressive β-cell dysfunction is coupled 
with mounting expression of dedifferentiation markers and loss of mature β-cell identity[11,12]. Similarly, mice subjected 
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to high-fat diets develop β-cell dedifferentiation phenotypes that resemble human T2D, including reduced PDX1 
expression and elevated Aldh1a3[13]. Genetic models have further lent credence to the dedifferentiation concept as a 
pathophysiological mechanism; for instance, β-cell-specific FoxO1 knockout in mice leads to dedifferentiation upon 
exposure to metabolic stress conditions like aging or multiparity[1]. Importantly, the extent of dedifferentiation appears 
to correlate with disease severity in the different models, suggesting that it may be an adaptive response to chronic 
metabolic stress that later becomes maladaptive. Furthermore, the conserved dedifferentiation phenomena across dif-
ferent species strengthens its fundamental role in diabetes pathogenesis and argues for the translational relevance of 
mechanistic studies in model systems.

TRIGGERS OF Β-CELL DEDIFFERENTIATION
The initiation and progression of β-cell dedifferentiation are driven by several correlated factors, with metabolic stress 
emerging as a prominent trigger. Chronic hyperglycemia and elevated free fatty acids, in particular palmitic acid, create a 
toxic environment that hinders normal β-cell function and identity[5]. High glucose suppresses major β-cell transcription 
factors such as PDX1, MAFA, and paired box protein 6, while activating stress-response pathways that trigger phenotypic 
conversion[14]. Lipotoxicity, mediated through saturated fatty acids such as palmitate, exacerbates these effects through 
the induction of oxidative stress and ER dysfunction[15]. Synergy between glucotoxicity and lipotoxicity is particularly 
potent at inducing dedifferentiation, as demonstrated by Wang et al[5], who found synergistic effects when insulinoma 
(INS-1) β-cells were exposed to both high glucose and palmitic acid.

Other than metabolic effects, inflammatory cytokines associated with diabetes (e.g., interleukin-1 beta, tumor necrosis 
factor alpha) can also induce dedifferentiation, most likely through the activation of stress kinase pathways[16]. There is 
also a genetic predisposition, as illustrated by reports that mutations in β-cell transcription factors or ion channels can 
predispose to dedifferentiation in the absence of overt metabolic stress[17]. The coincidence of such diverse triggers on 
common downstream pathways, particularly those involving ER stress and transcriptional reprogramming, is consistent 
with the hypothesis that dedifferentiation represents a final common pathway for β-cell dysfunction in response to 
various insults. These triggers must be understood to establish a targeted therapy that prevents or reverses the process.

ROLE OF ER STRESS
ER stress is a central mediator of β-cell dedifferentiation under conditions of metabolic overload. The ER, which is 
responsible for protein folding and calcium homeostasis, becomes overwhelmed when β-cells are chronically exposed to 
high glucose and fatty acids, inducing activation of the unfolded protein response (UPR)[5]. Wang et al[5] provided direct 
ultrastructural evidence of ER stress in dedifferentiating β-cells, demonstrating the severe dilation of the ER lumen in 
palmitic acid-stressed and high glucose-stressed INS-1 cells. Molecular examination revealed concurrent upregulation of 
UPR markers such as phosphorylated eukaryotic translation initiation factor alpha and activating transcription factor 4. 
The causal contribution of ER stress has been further supported by experiments showing that chemical chaperones like 4-
phenylbutyric acid can rescue dedifferentiation, while ER stressors like tunicamycin can replicate the phenotype[5]. These 
findings are in line with previous work showing that ER stress pathways are activated in the β-cells of T2D human and 
animal models[3]. Interestingly, the interaction between ER stress and dedifferentiation also appears to be bidirectional; 
while ER stress causes loss of β-cell identity, dedifferentiated cells can also become more susceptible to subsequent ER 
stress, creating a vicious cycle that exacerbates β-cell dysfunction. The inositol-requiring enzyme 1 alpha branch of the 
UPR also seems particularly important in this context, as its genetic deletion has been shown to induce dedifferentiation 
but also unexpectedly to protect against autoimmune destruction in non-obese diabetic mice[18]. Such complex in-
teractions place ER stress as both a driver and a consequence of β-cell dedifferentiation and thus make it an attractive 
candidate for therapeutic intervention.

FOXO1 INHIBITION AND β-CELL IDENTITY
The forkhead box transcription factor FoxO1 plays a pivotal role in the preservation of β-cell identity under stress, and its 
failure contributes significantly to dedifferentiation processes. FoxO1 is generally a nutrient sensor and stability factor for 
mature β-cells, and it regulates the expression of important β-cell identity genes like PDX1 and MAFA[19]. Wang et al[5] 
demonstrated that metabolic stress conditions lead to the inhibition of FoxO1 through post-translational modifications 
and reduced nuclear localization, thus suppressing its transcriptional activity. Their use of the selective FoxO1 inhibitor 
AS1842856 has provided compelling evidence for the protective role of FoxO1 by showing that pharmacological in-
hibition exacerbates palmitate/glucose-induced dedifferentiation. These findings are consistent with genetic studies that 
have shown β-cell-specific FoxO1 knockout mice to develop diabetes with dramatic dedifferentiation characteristics 
under metabolic stress[1].

Mechanistically, FoxO1 appears to maintain β-cell identity via several mechanisms, namely promoting the expression 
of mature β-cell genes, suppressing progenitor markers, and controlling cellular metabolism toward glucose-stimulated 
insulin secretion[19]. Of particular interest is the crosstalk between FoxO1 and ER stress pathways. While FoxO1 activity 
can mitigate ER stress, chronic ER stress can conversely inhibit FoxO1, creating another vicious cycle in the development 
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of diabetes[5]. Paradoxically, the role of FoxO1 in β-cells appears to be context-dependent, with both overactivation and 
inhibition being deleterious, suggesting that modulation, rather than outright inhibition or activation, may be required 
for therapeutic benefit. The convergence of metabolic stress, ER dysfunction, and FoxO1 inhibition on β-cell dedifferen-
tiation highlights the complexity of diabetes pathophysiology while identifying enticing nodal points for intervention.

THERAPEUTIC IMPLICATIONS AND FUTURE DIRECTIONS
The recognition of β-cell dedifferentiation as a major contributor to diabetes pathogenesis opens new possibilities for the 
development of therapeutic strategies aimed at the maintenance or recovery of β-cell function. Several promising 
strategies have been proposed by recent research. First, targeting ER stress with chemical chaperones like 4-phenylbutyric 
acid or tauroursodeoxycholic acid could be a means to maintain β-cell identity by eliminating one of the main drivers of 
dedifferentiation[5]. Second, control of FoxO1 activity, directly through pharmacological means or indirectly through 
upstream regulators like sirtuin 1 activators, has the potential to stabilize the mature β-cell phenotype[19,20]. Third, 
promoting the redifferentiation of regressed β-cells using growth factors or extracellular matrix proteins has shown 
promise in model systems[10]. However, there are significant challenges in translating these approaches to the clinic.

From a diagnostic perspective, the development of robust biomarkers to monitor β-cell dedifferentiation state in pa-
tients would be a major advance, with the potential to facilitate earlier intervention[2]. Elevated levels of Aldh1a3 
correlate with β-cell dysfunction in the early stages of T2D, offering a promising biomarker for presymptomatic dia-
gnosis. In both human and murine studies[2,21], β-cells that acquire a progenitor-like state during dedifferentiation 
upregulate Aldh1a3; however, its detection in blood or islet-derived exosomes has yet to be determined. Nevertheless, 
specificity concerns remain because Aldh1a3 is also expressed in other tissues (e.g., liver, adipose), and its dynamic 
regulation during T2D progression has to be validated[22,23]. Combining Aldh1a3 with complementary biomarkers, such 
as β-cell identity transcripts (insulin, PDX1) in circulating free DNA or exosomal microRNAs (e.g., microRNA-375), can 
further enhance diagnostic precision. Moreover, circulating Aldh1a3 can complement imaging by providing molecular 
insights into identity loss. Non-invasive imaging targeting β-cells specific markers could revolutionize the monitoring of β
-cell health by enabling real-time, longitudinal assessment of functional mass, identity, and stress states without invasive 
biopsies. The use of positron emission tomography and magnetic resonance imaging probes that bind to β-cell surface 
proteins or metabolic activity markers (e.g., vesicular monoamine transporter 2 or glucagon-like peptide-1 receptor) also 
offer non-invasive ways to visualize and assess the state of β-cells[24].

Additional studies are also needed to tackle the possibility of heterogeneity in dedifferentiation patterns in different 
patient groups and diabetes subtypes. The dedifferentiation of pancreatic β-cells in diabetes depends on diabetes 
duration, genetic susceptibility, and comorbidity. Prolonged diabetes impairs glucotoxicity/Lipotoxicity and reduces β-
cell identity factors (e.g., PDX1, MAFA), which may lead to irreversible epigenetic changes[14,25]. Genetic risk alleles 
(transcription factor-7-like 2 protein, hepatocyte nuclear factor 1 alpha) impair stress tolerance, whereas protective 
variants (solute carrier family 30 member 8) may set back dedifferentiation[26-28]. Furthermore, β-cell dysfunction 
accelerates in comorbid conditions like obesity and hypertension, in synergy with oxidative stress or hyperglycemia via 
inflammatory factors (interleukin-6, tumor necrosis factor alpha)[29]. Heterogeneity has also been reported across 
diabetes subtypes. Type 1 diabetes has cytokine-mediated dedifferentiation pre-autoimmunity[30], while T2D is as-
sociated with severity of metabolic stress, and monogenic (e.g., hepatocyte nuclear factor 1 alpha-maturity-onset diabetes 
of the young) forms reflect mutation-specific transcriptional failure[31]. Epigenetic drivers, silencing INS/PDX1 via DNA 
methylation, loss of microRNA-375, and histone modifications-deliver reversible therapeutic targets (e.g., histone 
deacetylase inhibitors)[32,33].

Further work should also explore how epigenetic modifications function to initiate and maintain dedifferentiated 
states, since this could reveal new targets for therapy[34]. Any treatment targeting β-cell identity will also need to be 
carefully titrated for benefit vs risk, particularly with regard to the potential for off-target effects on other cell types. As 
mechanisms of β-cell dedifferentiation become better understood, the potential will increase to develop new, potentially 
disease-modifying treatments for diabetes that address the fundamental deficiency of functional β-cell mass.

Notably, ER stress inhibitors and FoxO1 activators are being investigated in clinical trials for diseases linked to cellular 
dysfunction. In patients with T2D with metabolic syndromes and their complications, ER stress inhibitors and FoxO1 
activators have been tested[35]. FoxO1 activators, such as metformin, which indirectly enhance FoxO1 via AMP-activated 
protein kinase, and experimental compounds, like AS1842856, are under investigation for treatment of T2D and car-
diovascular diseases, to boost oxidative stress resistance and glucose regulation[36-38]. Challenges include balancing 
FoxO1’s dual roles in cytoprotection and potential tumorigenesis.

STUDY LIMITATIONS
Although comprehensive, the study by Wang et al[5] had limitations. The INS-1 cell line, while valuable, lacks the vitality 
and complexity of human islets. Furthermore, rat and human β-cells differ in several key aspects, including islet 
composition and gene regulation[39]. The study would be strengthened by validation in human-derived β-like cells or 
cadaveric islets. The pharmacological inhibition of FoxO1 could potentially have off-target effects not elucidated in the 
study. Additional studies utilizing clustered regularly interspaced short palindromic repeats-mediated knockout or 
rescue experiments could delineate direct vs indirect effects. Furthermore, long-term studies to assess the stability and 
plasticity of dedifferentiated cells are recommended.
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CONCLUSION
Wang et al[5] have reported a robust and multifaceted examination of β-cell dedifferentiation driven in response to 
metabolic stress. Their demonstration that ER stress is both an inducer and regulator of dedifferentiation, and that FoxO1 
acts as a master molecular brake advances our understanding of β-cell plasticity in diabetes. As the field evolves toward 
regenerative therapy, the molecular landscape mapped here will undoubtedly be an important roadmap. However, 
translating these findings into clinical practice will require first addressing significant challenges. For instance, ER stress 
or FoxO1 targeting in humans will require balancing efficacy with safety, as systemic inhibition of these pathways carries 
the potential for off-target effects on other cell types or organ systems. Furthermore, heterogeneity of diabetes from 
autoimmune β-cell destruction in type 1 diabetes to metabolic derangement in T2D necessitates constituency-specific 
design to confirm intervention effects are context-specific. Combinatorial strategies, i.e. co-administering FoxO1 mo-
dulation with existing treatments such as glucagon-like peptide-1 agonists, to synergistically enhance β-cell regeneration 
might be explored in the future. Understanding temporal dynamics of dedifferentiation (e.g., determining whether early-
stage interventions are more effective) and applying single-cell technologies to map patient-specific dedifferentiation 
trajectories might also further improve precision medicine paradigms. Finally, the development of in vitro human β-cell 
models or organoid systems that recapitulate diabetic microenvironments would secure the transition of mechanistic 
understanding to clinically relevant strategies. In an era of increasing diabetes prevalence and treatment complexity, 
understanding how β-cells lose, and perhaps regain, their identity is of the utmost importance. Studies like this form a 
foundation for precision in β-cell recovery and preservation, ultimately improving the quality of life for individuals with 
diabetes. To realize this potential, transdisciplinary collaboration among basic researchers, clinicians, and bioengineers 
will be necessary, as will longitudinal clinical trials to assess durability and safety of dedifferentiation-targeted therapy.

FOOTNOTES
Author contributions: Al Madhoun A designed the study, wrote and edited the manuscript; Bahman F and Ahmad R reviewed the 
literature and revised the manuscript. All authors approved the final version manuscript.

Supported by Kuwait Foundation for the Advancement of Sciences, No. RACB-2021-007.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country of origin: Kuwait

ORCID number: Ashraf Al Madhoun 0000-0001-8593-3878.

S-Editor: Wu S 
L-Editor: A 
P-Editor: Zhao YQ

REFERENCES
1 Talchai C, Xuan S, Lin HV, Sussel L, Accili D. Pancreatic β cell dedifferentiation as a mechanism of diabetic β cell failure. Cell 2012; 150: 

1223-1234 [RCA] [PMID: 22980982 DOI: 10.1016/j.cell.2012.07.029] [FullText]
2 Cinti F, Bouchi R, Kim-Muller JY, Ohmura Y, Sandoval PR, Masini M, Marselli L, Suleiman M, Ratner LE, Marchetti P, Accili D. Evidence 

of β-Cell Dedifferentiation in Human Type 2 Diabetes. J Clin Endocrinol Metab 2016; 101: 1044-1054 [RCA] [PMID: 26713822 DOI: 
10.1210/jc.2015-2860] [FullText]

3 Bensellam M, Jonas JC, Laybutt DR. Mechanisms of β-cell dedifferentiation in diabetes: recent findings and future research directions. J 
Endocrinol 2018; 236: R109-R143 [RCA] [PMID: 29203573 DOI: 10.1530/JOE-17-0516] [FullText]

4 Zhang J, Liu F. The De-, Re-, and trans-differentiation of β-cells: Regulation and function. Semin Cell Dev Biol 2020; 103: 68-75 [RCA] 
[PMID: 31948775 DOI: 10.1016/j.semcdb.2020.01.003] [FullText]

5 Wang LK, Kong CC, Yu TY, Sun HS, Yang L, Sun Y, Li MY, Wang W. Endoplasmic reticulum stress and forkhead box protein O1 inhibition 
mediate palmitic acid and high glucose-induced β-cell dedifferentiation. World J Diabetes 2025; 16: 95431 [RCA] [PMID: 40487627 DOI: 
10.4239/wjd.v16.i5.95431] [FullText] [Full Text(PDF)]

6 Khin PP, Lee JH, Jun HS. A Brief Review of the Mechanisms of β-Cell Dedifferentiation in Type 2 Diabetes. Nutrients 2021; 13: 1593 [RCA] 
[PMID: 34068827 DOI: 10.3390/nu13051593] [FullText] [Full Text(PDF)]

7 Son J, Du W, Esposito M, Shariati K, Ding H, Kang Y, Accili D. Genetic and pharmacologic inhibition of ALDH1A3 as a treatment of β-cell 
failure. Nat Commun 2023; 14: 558 [RCA] [PMID: 36732513 DOI: 10.1038/s41467-023-36315-4] [FullText] [Full Text(PDF)]

8 Wang Z, York NW, Nichols CG, Remedi MS. Pancreatic β cell dedifferentiation in diabetes and redifferentiation following insulin therapy. 
Cell Metab 2014; 19: 872-882 [RCA] [PMID: 24746806 DOI: 10.1016/j.cmet.2014.03.010] [FullText]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-8593-3878
http://orcid.org/0000-0001-8593-3878
https://referencecitationanalysis.com/InCiteJournalInfo?id=4693
https://referencecitationanalysis.com/articles?id=10.1016%2fj.cell.2012.07.029
http://www.ncbi.nlm.nih.gov/pubmed/22980982
https://dx.doi.org/10.1016/j.cell.2012.07.029
https://dx.doi.org/10.1016/j.cell.2012.07.029
https://dx.doi.org/10.1016/j.cell.2012.07.029
https://referencecitationanalysis.com/InCiteJournalInfo?id=13326
https://referencecitationanalysis.com/articles?id=10.1210%2fjc.2015-2860
http://www.ncbi.nlm.nih.gov/pubmed/26713822
https://dx.doi.org/10.1210/jc.2015-2860
https://dx.doi.org/10.1210/jc.2015-2860
https://dx.doi.org/10.1210/jc.2015-2860
https://referencecitationanalysis.com/InCiteJournalInfo?id=13658
https://referencecitationanalysis.com/InCiteJournalInfo?id=13658
https://referencecitationanalysis.com/articles?id=10.1530%2fjoe-17-0516
http://www.ncbi.nlm.nih.gov/pubmed/29203573
https://dx.doi.org/10.1530/JOE-17-0516
https://dx.doi.org/10.1530/JOE-17-0516
https://dx.doi.org/10.1530/JOE-17-0516
https://referencecitationanalysis.com/InCiteJournalInfo?id=21064
https://referencecitationanalysis.com/articles?id=10.1016%2fj.semcdb.2020.01.003
http://www.ncbi.nlm.nih.gov/pubmed/31948775
https://dx.doi.org/10.1016/j.semcdb.2020.01.003
https://dx.doi.org/10.1016/j.semcdb.2020.01.003
https://dx.doi.org/10.1016/j.semcdb.2020.01.003
https://referencecitationanalysis.com/InCiteJournalInfo?id=23478
https://referencecitationanalysis.com/articles?id=10.4239%2fwjd.v16.i5.95431
http://www.ncbi.nlm.nih.gov/pubmed/40487627
https://dx.doi.org/10.4239/wjd.v16.i5.95431
https://dx.doi.org/10.4239/wjd.v16.i5.95431
https://dx.doi.org/10.4239/wjd.v16.i5.95431
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4239%2fwjd.v16.i5.95431&FilePath=595A3FA84619DF890D6C9EE4C0ADF4F618CA89AAC4A10593D81977A6B8010DB884551DB7CFC79F2DBC8B48D2C5E3BBB4399E677F8D1DF8A1501F85338F850D98E1EF2E2034C2128D
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4239%2fwjd.v16.i5.95431&FilePath=595A3FA84619DF890D6C9EE4C0ADF4F618CA89AAC4A10593D81977A6B8010DB884551DB7CFC79F2DBC8B48D2C5E3BBB4399E677F8D1DF8A1501F85338F850D98E1EF2E2034C2128D
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4239%2fwjd.v16.i5.95431&FilePath=595A3FA84619DF890D6C9EE4C0ADF4F618CA89AAC4A10593D81977A6B8010DB884551DB7CFC79F2DBC8B48D2C5E3BBB4399E677F8D1DF8A1501F85338F850D98E1EF2E2034C2128D
https://referencecitationanalysis.com/InCiteJournalInfo?id=18223
https://referencecitationanalysis.com/articles?id=10.3390%2fnu13051593
http://www.ncbi.nlm.nih.gov/pubmed/34068827
https://dx.doi.org/10.3390/nu13051593
https://dx.doi.org/10.3390/nu13051593
https://dx.doi.org/10.3390/nu13051593
https://rcastoragev2.blob.core.windows.net/9e0d3896632ef6f413152a4b0e15fd82/PMC8151793.pdf
https://rcastoragev2.blob.core.windows.net/9e0d3896632ef6f413152a4b0e15fd82/PMC8151793.pdf
https://rcastoragev2.blob.core.windows.net/9e0d3896632ef6f413152a4b0e15fd82/PMC8151793.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=17180
https://referencecitationanalysis.com/articles?id=10.1038%2fs41467-023-36315-4
http://www.ncbi.nlm.nih.gov/pubmed/36732513
https://dx.doi.org/10.1038/s41467-023-36315-4
https://dx.doi.org/10.1038/s41467-023-36315-4
https://dx.doi.org/10.1038/s41467-023-36315-4
https://rcastoragev2.blob.core.windows.net/ad72fa0ceb1cbbe1e2b0613a0abbef4c/41467_2023_36315_MOESM1_ESM.pdf
https://rcastoragev2.blob.core.windows.net/ad72fa0ceb1cbbe1e2b0613a0abbef4c/41467_2023_36315_MOESM1_ESM.pdf
https://rcastoragev2.blob.core.windows.net/ad72fa0ceb1cbbe1e2b0613a0abbef4c/41467_2023_36315_MOESM1_ESM.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=5228
https://referencecitationanalysis.com/articles?id=10.1016%2fj.cmet.2014.03.010
http://www.ncbi.nlm.nih.gov/pubmed/24746806
https://dx.doi.org/10.1016/j.cmet.2014.03.010
https://dx.doi.org/10.1016/j.cmet.2014.03.010
https://dx.doi.org/10.1016/j.cmet.2014.03.010


Al Madhoun A et al. β-cell dedifferentiation

WJD https://www.wjgnet.com 6 September 15, 2025 Volume 16 Issue 9

9 Son J, Accili D. Reversing pancreatic β-cell dedifferentiation in the treatment of type 2 diabetes. Exp Mol Med 2023; 55: 1652-1658 [RCA] 
[PMID: 37524865 DOI: 10.1038/s12276-023-01043-8] [FullText] [Full Text(PDF)]

10 Lenz A, Toren-Haritan G, Efrat S. Redifferentiation of adult human β cells expanded in vitro by inhibition of the WNT pathway. PLoS One 
2014; 9: e112914 [RCA] [PMID: 25393025 DOI: 10.1371/journal.pone.0112914] [FullText] [Full Text(PDF)]

11 Neelankal John A, Ram R, Jiang FX. RNA-Seq Analysis of Islets to Characterise the Dedifferentiation in Type 2 Diabetes Model Mice db/db. 
Endocr Pathol 2018; 29: 207-221 [RCA] [PMID: 29542001 DOI: 10.1007/s12022-018-9523-x] [FullText]

12 Zhang M, Chen Y, Sun S, Zhang S, Yuan L, Xu Y, Li X, Chen G, Wei X, Liu C. Ketogenic diet alleviates β-cell dedifferentiation but 
aggravates hepatic lipid accumulation in db/db mice. Nutrition 2024; 119: 112284 [RCA] [PMID: 38118383 DOI: 10.1016/j.nut.2023.112284] 
[FullText]

13 Tersey SA, Levasseur EM, Syed F, Farb TB, Orr KS, Nelson JB, Shaw JL, Bokvist K, Mather KJ, Mirmira RG. Episodic β-cell death and 
dedifferentiation during diet-induced obesity and dysglycemia in male mice. FASEB J 2018; 32: fj201800150RR [RCA] [PMID: 29812970 
DOI: 10.1096/fj.201800150RR] [FullText]

14 Swisa A, Glaser B, Dor Y. Metabolic Stress and Compromised Identity of Pancreatic Beta Cells. Front Genet 2017; 8: 21 [RCA] [PMID: 
28270834 DOI: 10.3389/fgene.2017.00021] [FullText] [Full Text(PDF)]

15 Lytrivi M, Castell AL, Poitout V, Cnop M. Recent Insights Into Mechanisms of β-Cell Lipo- and Glucolipotoxicity in Type 2 Diabetes. J Mol 
Biol 2020; 432: 1514-1534 [RCA] [PMID: 31628942 DOI: 10.1016/j.jmb.2019.09.016] [FullText]

16 Nordmann TM, Dror E, Schulze F, Traub S, Berishvili E, Barbieux C, Böni-Schnetzler M, Donath MY. The Role of Inflammation in β-cell 
Dedifferentiation. Sci Rep 2017; 7: 6285 [RCA] [PMID: 28740254 DOI: 10.1038/s41598-017-06731-w] [FullText] [Full Text(PDF)]

17 Stancill JS, Cartailler JP, Clayton HW, O'Connor JT, Dickerson MT, Dadi PK, Osipovich AB, Jacobson DA, Magnuson MA. Chronic β-Cell 
Depolarization Impairs β-Cell Identity by Disrupting a Network of Ca(2+)-Regulated Genes. Diabetes 2017; 66: 2175-2187 [RCA] [PMID: 
28550109 DOI: 10.2337/db16-1355] [FullText] [Full Text(PDF)]

18 Lee H, Lee YS, Harenda Q, Pietrzak S, Oktay HZ, Schreiber S, Liao Y, Sonthalia S, Ciecko AE, Chen YG, Keles S, Sridharan R, Engin F. 
Beta Cell Dedifferentiation Induced by IRE1α Deletion Prevents Type 1 Diabetes. Cell Metab 2020; 31: 822-836.e5 [RCA] [PMID: 32220307 
DOI: 10.1016/j.cmet.2020.03.002] [FullText]

19 Kim-Muller JY, Kim YJ, Fan J, Zhao S, Banks AS, Prentki M, Accili D. FoxO1 Deacetylation Decreases Fatty Acid Oxidation in β-Cells and 
Sustains Insulin Secretion in Diabetes. J Biol Chem 2016; 291: 10162-10172 [RCA] [PMID: 26984405 DOI: 10.1074/jbc.M115.705608] [Full
Text]

20 Kitada M, Koya D. SIRT1 in Type 2 Diabetes: Mechanisms and Therapeutic Potential. Diabetes Metab J 2013; 37: 315-325 [RCA] [PMID: 
24199159 DOI: 10.4093/dmj.2013.37.5.315] [FullText] [Full Text(PDF)]

21 Kim-Muller JY, Fan J, Kim YJ, Lee SA, Ishida E, Blaner WS, Accili D. Aldehyde dehydrogenase 1a3 defines a subset of failing pancreatic β 
cells in diabetic mice. Nat Commun 2016; 7: 12631 [RCA] [PMID: 27572106 DOI: 10.1038/ncomms12631] [FullText] [Full Text(PDF)]

22 Chen MH, Weng JJ, Cheng CT, Wu RC, Huang SC, Wu CE, Chung YH, Liu CY, Chang MH, Chen MH, Chiang KC, Yeh TS, Su Y, Yeh CN. 
ALDH1A3, the Major Aldehyde Dehydrogenase Isoform in Human Cholangiocarcinoma Cells, Affects Prognosis and Gemcitabine Resistance 
in Cholangiocarcinoma Patients. Clin Cancer Res 2016; 22: 4225-4235 [RCA] [PMID: 27076629 DOI: 10.1158/1078-0432.CCR-15-1800] 
[FullText]

23 Yasmeen R, Reichert B, Deiuliis J, Yang F, Lynch A, Meyers J, Sharlach M, Shin S, Volz KS, Green KB, Lee K, Alder H, Duester G, Zechner 
R, Rajagopalan S, Ziouzenkova O. Autocrine function of aldehyde dehydrogenase 1 as a determinant of diet- and sex-specific differences in 
visceral adiposity. Diabetes 2013; 62: 124-136 [RCA] [PMID: 22933113 DOI: 10.2337/db11-1779] [FullText] [Full Text(PDF)]

24 Wei W, Ehlerding EB, Lan X, Luo QY, Cai W. Molecular imaging of β-cells: diabetes and beyond. Adv Drug Deliv Rev 2019; 139: 16-31 
[RCA] [PMID: 31378283 DOI: 10.1016/j.addr.2018.06.022] [FullText]

25 Hagman DK, Hays LB, Parazzoli SD, Poitout V. Palmitate inhibits insulin gene expression by altering PDX-1 nuclear localization and 
reducing MafA expression in isolated rat islets of Langerhans. J Biol Chem 2005; 280: 32413-32418 [RCA] [PMID: 15944145 DOI: 
10.1074/jbc.M506000200] [FullText]

26 Lyssenko V, Lupi R, Marchetti P, Del Guerra S, Orho-Melander M, Almgren P, Sjögren M, Ling C, Eriksson KF, Lethagen AL, Mancarella R, 
Berglund G, Tuomi T, Nilsson P, Del Prato S, Groop L. Mechanisms by which common variants in the TCF7L2 gene increase risk of type 2 
diabetes. J Clin Invest 2007; 117: 2155-2163 [RCA] [PMID: 17671651 DOI: 10.1172/JCI30706] [FullText]

27 Chen Y, Jia J, Zhao Q, Zhang Y, Huang B, Wang L, Tian J, Huang C, Li M, Li X. Novel Loss-of-Function Variant in HNF1a Induces β-Cell 
Dysfunction through Endoplasmic Reticulum Stress. Int J Mol Sci 2022; 23: 13022 [RCA] [PMID: 36361808 DOI: 10.3390/ijms232113022] 
[FullText] [Full Text(PDF)]

28 Hu M, Kim I, Morán I, Peng W, Sun O, Bonnefond A, Khamis A, Bonàs-Guarch S, Froguel P, Rutter GA. Multiple genetic variants at the 
SLC30A8 locus affect local super-enhancer activity and influence pancreatic β-cell survival and function. FASEB J 2024; 38: e23610 [RCA] 
[PMID: 38661000 DOI: 10.1096/fj.202301700RR] [FullText]

29 Tangvarasittichai S. Oxidative stress, insulin resistance, dyslipidemia and type 2 diabetes mellitus. World J Diabetes 2015; 6: 456-480 [RCA] 
[PMID: 25897356 DOI: 10.4239/wjd.v6.i3.456] [FullText] [Full Text(PDF)]

30 Webster KL, Mirmira RG. Beta cell dedifferentiation in type 1 diabetes: sacrificing function for survival? Front Endocrinol (Lausanne) 2024; 
15: 1427723 [RCA] [PMID: 38904049 DOI: 10.3389/fendo.2024.1427723] [FullText]

31 Patel S, Remedi MS. Loss of β-cell identity and dedifferentiation, not an irreversible process? Front Endocrinol (Lausanne) 2024; 15: 1414447 
[RCA] [PMID: 38915897 DOI: 10.3389/fendo.2024.1414447] [FullText]

32 Liu J, Lang G, Shi J. Epigenetic Regulation of PDX-1 in Type 2 Diabetes Mellitus. Diabetes Metab Syndr Obes 2021; 14: 431-442 [RCA] 
[PMID: 33564250 DOI: 10.2147/DMSO.S291932] [FullText] [Full Text(PDF)]

33 Sun X, Wang L, Obayomi SMB, Wei Z. Epigenetic Regulation of β Cell Identity and Dysfunction. Front Endocrinol (Lausanne) 2021; 12: 
725131 [RCA] [PMID: 34630329 DOI: 10.3389/fendo.2021.725131] [FullText] [Full Text(PDF)]

34 Lu TT, Heyne S, Dror E, Casas E, Leonhardt L, Boenke T, Yang CH, Sagar, Arrigoni L, Dalgaard K, Teperino R, Enders L, Selvaraj M, Ruf 
M, Raja SJ, Xie H, Boenisch U, Orkin SH, Lynn FC, Hoffman BG, Grün D, Vavouri T, Lempradl AM, Pospisilik JA. The Polycomb-
Dependent Epigenome Controls β Cell Dysfunction, Dedifferentiation, and Diabetes. Cell Metab 2018; 27: 1294-1308.e7 [RCA] [PMID: 
29754954 DOI: 10.1016/j.cmet.2018.04.013] [FullText] [Full Text(PDF)]

35 Yuan S, She D, Jiang S, Deng N, Peng J, Ma L. Endoplasmic reticulum stress and therapeutic strategies in metabolic, neurodegenerative 
diseases and cancer. Mol Med 2024; 30: 40 [RCA] [PMID: 38509524 DOI: 10.1186/s10020-024-00808-9] [FullText] [Full Text(PDF)]

https://referencecitationanalysis.com/InCiteJournalInfo?id=9159
https://referencecitationanalysis.com/articles?id=10.1038%2fs12276-023-01043-8
http://www.ncbi.nlm.nih.gov/pubmed/37524865
https://dx.doi.org/10.1038/s12276-023-01043-8
https://dx.doi.org/10.1038/s12276-023-01043-8
https://dx.doi.org/10.1038/s12276-023-01043-8
https://rcastoragev2.blob.core.windows.net/83a92c9f7b0c668c0decf3d42e38edde/12276_2023_Article_1043.pdf
https://rcastoragev2.blob.core.windows.net/83a92c9f7b0c668c0decf3d42e38edde/12276_2023_Article_1043.pdf
https://rcastoragev2.blob.core.windows.net/83a92c9f7b0c668c0decf3d42e38edde/12276_2023_Article_1043.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=19324
https://referencecitationanalysis.com/articles?id=10.1371%2fjournal.pone.0112914
http://www.ncbi.nlm.nih.gov/pubmed/25393025
https://dx.doi.org/10.1371/journal.pone.0112914
https://dx.doi.org/10.1371/journal.pone.0112914
https://dx.doi.org/10.1371/journal.pone.0112914
https://rcastoragev2.blob.core.windows.net/f791f18fdf34042155d6324efeb74d5f/PMC4231080.pdf
https://rcastoragev2.blob.core.windows.net/f791f18fdf34042155d6324efeb74d5f/PMC4231080.pdf
https://rcastoragev2.blob.core.windows.net/f791f18fdf34042155d6324efeb74d5f/PMC4231080.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=8360
https://referencecitationanalysis.com/articles?id=10.1007%2fs12022-018-9523-x
http://www.ncbi.nlm.nih.gov/pubmed/29542001
https://dx.doi.org/10.1007/s12022-018-9523-x
https://dx.doi.org/10.1007/s12022-018-9523-x
https://dx.doi.org/10.1007/s12022-018-9523-x
https://referencecitationanalysis.com/InCiteJournalInfo?id=18126
https://referencecitationanalysis.com/articles?id=10.1016%2fj.nut.2023.112284
http://www.ncbi.nlm.nih.gov/pubmed/38118383
https://dx.doi.org/10.1016/j.nut.2023.112284
https://dx.doi.org/10.1016/j.nut.2023.112284
https://dx.doi.org/10.1016/j.nut.2023.112284
https://referencecitationanalysis.com/InCiteJournalInfo?id=169488
https://referencecitationanalysis.com/articles?id=10.1096%2ffj.201800150rr
http://www.ncbi.nlm.nih.gov/pubmed/29812970
https://dx.doi.org/10.1096/fj.201800150RR
https://dx.doi.org/10.1096/fj.201800150RR
https://dx.doi.org/10.1096/fj.201800150RR
https://referencecitationanalysis.com/InCiteJournalInfo?id=9542
https://referencecitationanalysis.com/articles?id=10.3389%2ffgene.2017.00021
http://www.ncbi.nlm.nih.gov/pubmed/28270834
https://dx.doi.org/10.3389/fgene.2017.00021
https://dx.doi.org/10.3389/fgene.2017.00021
https://dx.doi.org/10.3389/fgene.2017.00021
https://rcastoragev2.blob.core.windows.net/aa55628fac78b3cff81b861b2d471cfe/PMC5318414.pdf
https://rcastoragev2.blob.core.windows.net/aa55628fac78b3cff81b861b2d471cfe/PMC5318414.pdf
https://rcastoragev2.blob.core.windows.net/aa55628fac78b3cff81b861b2d471cfe/PMC5318414.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=14504
https://referencecitationanalysis.com/InCiteJournalInfo?id=14504
https://referencecitationanalysis.com/articles?id=10.1016%2fj.jmb.2019.09.016
http://www.ncbi.nlm.nih.gov/pubmed/31628942
https://dx.doi.org/10.1016/j.jmb.2019.09.016
https://dx.doi.org/10.1016/j.jmb.2019.09.016
https://dx.doi.org/10.1016/j.jmb.2019.09.016
https://referencecitationanalysis.com/InCiteJournalInfo?id=20954
https://referencecitationanalysis.com/articles?id=10.1038%2fs41598-017-06731-w
http://www.ncbi.nlm.nih.gov/pubmed/28740254
https://dx.doi.org/10.1038/s41598-017-06731-w
https://dx.doi.org/10.1038/s41598-017-06731-w
https://dx.doi.org/10.1038/s41598-017-06731-w
https://rcastoragev2.blob.core.windows.net/ffe213694c6291bcf8968aeea7edf76f/PMC5524956.pdf
https://rcastoragev2.blob.core.windows.net/ffe213694c6291bcf8968aeea7edf76f/PMC5524956.pdf
https://rcastoragev2.blob.core.windows.net/ffe213694c6291bcf8968aeea7edf76f/PMC5524956.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=7890
https://referencecitationanalysis.com/articles?id=10.2337%2fdb16-1355
http://www.ncbi.nlm.nih.gov/pubmed/28550109
https://dx.doi.org/10.2337/db16-1355
https://dx.doi.org/10.2337/db16-1355
https://dx.doi.org/10.2337/db16-1355
https://rcastoragev2.blob.core.windows.net/8d6dfb6716359f62212d66ee41bd7a8f/PMC5521870.pdf
https://rcastoragev2.blob.core.windows.net/8d6dfb6716359f62212d66ee41bd7a8f/PMC5521870.pdf
https://rcastoragev2.blob.core.windows.net/8d6dfb6716359f62212d66ee41bd7a8f/PMC5521870.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=5228
https://referencecitationanalysis.com/articles?id=10.1016%2fj.cmet.2020.03.002
http://www.ncbi.nlm.nih.gov/pubmed/32220307
https://dx.doi.org/10.1016/j.cmet.2020.03.002
https://dx.doi.org/10.1016/j.cmet.2020.03.002
https://dx.doi.org/10.1016/j.cmet.2020.03.002
https://referencecitationanalysis.com/InCiteJournalInfo?id=12370
https://referencecitationanalysis.com/articles?id=10.1074%2fjbc.m115.705608
http://www.ncbi.nlm.nih.gov/pubmed/26984405
https://dx.doi.org/10.1074/jbc.M115.705608
https://dx.doi.org/10.1074/jbc.M115.705608
https://dx.doi.org/10.1074/jbc.M115.705608
https://referencecitationanalysis.com/InCiteJournalInfo?id=7892
https://referencecitationanalysis.com/articles?id=10.4093%2fdmj.2013.37.5.315
http://www.ncbi.nlm.nih.gov/pubmed/24199159
https://dx.doi.org/10.4093/dmj.2013.37.5.315
https://dx.doi.org/10.4093/dmj.2013.37.5.315
https://dx.doi.org/10.4093/dmj.2013.37.5.315
https://rcastoragev2.blob.core.windows.net/919e28ea130c9efabec2425398603827/PMC3816131.pdf
https://rcastoragev2.blob.core.windows.net/919e28ea130c9efabec2425398603827/PMC3816131.pdf
https://rcastoragev2.blob.core.windows.net/919e28ea130c9efabec2425398603827/PMC3816131.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=17180
https://referencecitationanalysis.com/articles?id=10.1038%2fncomms12631
http://www.ncbi.nlm.nih.gov/pubmed/27572106
https://dx.doi.org/10.1038/ncomms12631
https://dx.doi.org/10.1038/ncomms12631
https://dx.doi.org/10.1038/ncomms12631
https://rcastoragev2.blob.core.windows.net/60cdb12158eaaab46f3e9b520f47877b/PMC5013715.pdf
https://rcastoragev2.blob.core.windows.net/60cdb12158eaaab46f3e9b520f47877b/PMC5013715.pdf
https://rcastoragev2.blob.core.windows.net/60cdb12158eaaab46f3e9b520f47877b/PMC5013715.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=169089
https://referencecitationanalysis.com/articles?id=10.1158%2f1078-0432.ccr-15-1800
http://www.ncbi.nlm.nih.gov/pubmed/27076629
https://dx.doi.org/10.1158/1078-0432.CCR-15-1800
https://dx.doi.org/10.1158/1078-0432.CCR-15-1800
https://dx.doi.org/10.1158/1078-0432.CCR-15-1800
https://referencecitationanalysis.com/InCiteJournalInfo?id=7890
https://referencecitationanalysis.com/articles?id=10.2337%2fdb11-1779
http://www.ncbi.nlm.nih.gov/pubmed/22933113
https://dx.doi.org/10.2337/db11-1779
https://dx.doi.org/10.2337/db11-1779
https://dx.doi.org/10.2337/db11-1779
https://rcastoragev2.blob.core.windows.net/84a434ebced88de4299f98d3be56ac99/PMC3526050.pdf
https://rcastoragev2.blob.core.windows.net/84a434ebced88de4299f98d3be56ac99/PMC3526050.pdf
https://rcastoragev2.blob.core.windows.net/84a434ebced88de4299f98d3be56ac99/PMC3526050.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=1104
https://referencecitationanalysis.com/articles?id=10.1016%2fj.addr.2018.06.022
http://www.ncbi.nlm.nih.gov/pubmed/31378283
https://dx.doi.org/10.1016/j.addr.2018.06.022
https://dx.doi.org/10.1016/j.addr.2018.06.022
https://dx.doi.org/10.1016/j.addr.2018.06.022
https://referencecitationanalysis.com/InCiteJournalInfo?id=12370
https://referencecitationanalysis.com/articles?id=10.1074%2fjbc.m506000200
http://www.ncbi.nlm.nih.gov/pubmed/15944145
https://dx.doi.org/10.1074/jbc.M506000200
https://dx.doi.org/10.1074/jbc.M506000200
https://dx.doi.org/10.1074/jbc.M506000200
https://referencecitationanalysis.com/InCiteJournalInfo?id=13335
https://referencecitationanalysis.com/articles?id=10.1172%2fjci30706
http://www.ncbi.nlm.nih.gov/pubmed/17671651
https://dx.doi.org/10.1172/JCI30706
https://dx.doi.org/10.1172/JCI30706
https://dx.doi.org/10.1172/JCI30706
https://referencecitationanalysis.com/InCiteJournalInfo?id=11724
https://referencecitationanalysis.com/articles?id=10.3390%2fijms232113022
http://www.ncbi.nlm.nih.gov/pubmed/36361808
https://dx.doi.org/10.3390/ijms232113022
https://dx.doi.org/10.3390/ijms232113022
https://dx.doi.org/10.3390/ijms232113022
https://rcastoragev2.blob.core.windows.net/80e0fa4d1c56914fdee7f9f805ebd608/PMC9656704.pdf
https://rcastoragev2.blob.core.windows.net/80e0fa4d1c56914fdee7f9f805ebd608/PMC9656704.pdf
https://rcastoragev2.blob.core.windows.net/80e0fa4d1c56914fdee7f9f805ebd608/PMC9656704.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=169488
https://referencecitationanalysis.com/articles?id=10.1096%2ffj.202301700rr
http://www.ncbi.nlm.nih.gov/pubmed/38661000
https://dx.doi.org/10.1096/fj.202301700RR
https://dx.doi.org/10.1096/fj.202301700RR
https://dx.doi.org/10.1096/fj.202301700RR
https://referencecitationanalysis.com/InCiteJournalInfo?id=23478
https://referencecitationanalysis.com/articles?id=10.4239%2fwjd.v6.i3.456
http://www.ncbi.nlm.nih.gov/pubmed/25897356
https://dx.doi.org/10.4239/wjd.v6.i3.456
https://dx.doi.org/10.4239/wjd.v6.i3.456
https://dx.doi.org/10.4239/wjd.v6.i3.456
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4239%2fwjd.v6.i3.456&FilePath=5D2C7329AEB32C0798C60C49D549D4F750F377B866DD7CBAA9AABF085CD928582234BD7F552693005FE3623A6A49CB2A5E5F6A95745385C6
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4239%2fwjd.v6.i3.456&FilePath=5D2C7329AEB32C0798C60C49D549D4F750F377B866DD7CBAA9AABF085CD928582234BD7F552693005FE3623A6A49CB2A5E5F6A95745385C6
https://www.f6publishing.com/forms/main/DownLoadFile.aspx?Type=Digital&TypeId=1&id=10.4239%2fwjd.v6.i3.456&FilePath=5D2C7329AEB32C0798C60C49D549D4F750F377B866DD7CBAA9AABF085CD928582234BD7F552693005FE3623A6A49CB2A5E5F6A95745385C6
https://referencecitationanalysis.com/InCiteJournalInfo?id=9342
https://referencecitationanalysis.com/articles?id=10.3389%2ffendo.2024.1427723
http://www.ncbi.nlm.nih.gov/pubmed/38904049
https://dx.doi.org/10.3389/fendo.2024.1427723
https://dx.doi.org/10.3389/fendo.2024.1427723
https://dx.doi.org/10.3389/fendo.2024.1427723
https://referencecitationanalysis.com/InCiteJournalInfo?id=9342
https://referencecitationanalysis.com/articles?id=10.3389%2ffendo.2024.1414447
http://www.ncbi.nlm.nih.gov/pubmed/38915897
https://dx.doi.org/10.3389/fendo.2024.1414447
https://dx.doi.org/10.3389/fendo.2024.1414447
https://dx.doi.org/10.3389/fendo.2024.1414447
https://referencecitationanalysis.com/InCiteJournalInfo?id=157938
https://referencecitationanalysis.com/articles?id=10.2147%2fdmso.s291932
http://www.ncbi.nlm.nih.gov/pubmed/33564250
https://dx.doi.org/10.2147/DMSO.S291932
https://dx.doi.org/10.2147/DMSO.S291932
https://dx.doi.org/10.2147/DMSO.S291932
https://rcastoragev2.blob.core.windows.net/58a9f152459f6ad61649743f4585dec2/PMC7866918.pdf
https://rcastoragev2.blob.core.windows.net/58a9f152459f6ad61649743f4585dec2/PMC7866918.pdf
https://rcastoragev2.blob.core.windows.net/58a9f152459f6ad61649743f4585dec2/PMC7866918.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=9342
https://referencecitationanalysis.com/articles?id=10.3389%2ffendo.2021.725131
http://www.ncbi.nlm.nih.gov/pubmed/34630329
https://dx.doi.org/10.3389/fendo.2021.725131
https://dx.doi.org/10.3389/fendo.2021.725131
https://dx.doi.org/10.3389/fendo.2021.725131
https://rcastoragev2.blob.core.windows.net/75b8131bc62583471d77670698bfbb41/PMC8498190.pdf
https://rcastoragev2.blob.core.windows.net/75b8131bc62583471d77670698bfbb41/PMC8498190.pdf
https://rcastoragev2.blob.core.windows.net/75b8131bc62583471d77670698bfbb41/PMC8498190.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=5228
https://referencecitationanalysis.com/articles?id=10.1016%2fj.cmet.2018.04.013
http://www.ncbi.nlm.nih.gov/pubmed/29754954
https://dx.doi.org/10.1016/j.cmet.2018.04.013
https://dx.doi.org/10.1016/j.cmet.2018.04.013
https://dx.doi.org/10.1016/j.cmet.2018.04.013
https://rcastoragev2.blob.core.windows.net/45b8e96f06447acc189ac94b94845b15/mmc1.pdf
https://rcastoragev2.blob.core.windows.net/45b8e96f06447acc189ac94b94845b15/mmc1.pdf
https://rcastoragev2.blob.core.windows.net/45b8e96f06447acc189ac94b94845b15/mmc1.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=17425
https://referencecitationanalysis.com/articles?id=10.1186%2fs10020-024-00808-9
http://www.ncbi.nlm.nih.gov/pubmed/38509524
https://dx.doi.org/10.1186/s10020-024-00808-9
https://dx.doi.org/10.1186/s10020-024-00808-9
https://dx.doi.org/10.1186/s10020-024-00808-9
https://rcastoragev2.blob.core.windows.net/eb6db5061498bd34757ba5ac2dae70af/10020_2024_808_MOESM2_ESM.pdf
https://rcastoragev2.blob.core.windows.net/eb6db5061498bd34757ba5ac2dae70af/10020_2024_808_MOESM2_ESM.pdf
https://rcastoragev2.blob.core.windows.net/eb6db5061498bd34757ba5ac2dae70af/10020_2024_808_MOESM2_ESM.pdf


Al Madhoun A et al. β-cell dedifferentiation

WJD https://www.wjgnet.com 7 September 15, 2025 Volume 16 Issue 9

36 Guo X, Li X, Yang W, Liao W, Shen JZ, Ai W, Pan Q, Sun Y, Zhang K, Zhang R, Qiu Y, Dai Q, Zheng H, Guo S. Metformin Targets Foxo1 
to Control Glucose Homeostasis. Biomolecules 2021; 11: 873 [RCA] [PMID: 34208360 DOI: 10.3390/biom11060873] [FullText] [Full Text
(PDF)]

37 Jeon HH, Yu Q, Witek L, Lu Y, Zhang T, Stepanchenko O, Son VJ, Spencer E, Oshilaja T, Shin MK, Alawi F, Coelho PG, Graves DT. 
Clinical application of a FOXO1 inhibitor improves connective tissue healing in a diabetic minipig model. Am J Transl Res 2021; 13: 781-791 
[RCA] [PMID: 33594326] [FullText]

38 Nagashima T, Shigematsu N, Maruki R, Urano Y, Tanaka H, Shimaya A, Shimokawa T, Shibasaki M. Discovery of novel forkhead box O1 
inhibitors for treating type 2 diabetes: improvement of fasting glycemia in diabetic db/db mice. Mol Pharmacol 2010; 78: 961-970 [RCA] 
[PMID: 20736318 DOI: 10.1124/mol.110.065714] [FullText]

39 Martens GA. Species-Related Differences in the Proteome of Rat and Human Pancreatic Beta Cells. J Diabetes Res 2015; 2015: 549818 
[RCA] [PMID: 26064985 DOI: 10.1155/2015/549818] [FullText] [Full Text(PDF)]

https://referencecitationanalysis.com/InCiteJournalInfo?id=3676
https://referencecitationanalysis.com/articles?id=10.3390%2fbiom11060873
http://www.ncbi.nlm.nih.gov/pubmed/34208360
https://dx.doi.org/10.3390/biom11060873
https://dx.doi.org/10.3390/biom11060873
https://dx.doi.org/10.3390/biom11060873
https://rcastoragev2.blob.core.windows.net/03de02f38c3d65c0ac9ce09687d5f80a/PMC8231152.pdf
https://rcastoragev2.blob.core.windows.net/03de02f38c3d65c0ac9ce09687d5f80a/PMC8231152.pdf
https://rcastoragev2.blob.core.windows.net/03de02f38c3d65c0ac9ce09687d5f80a/PMC8231152.pdf
https://referencecitationanalysis.com/InCiteJournalInfo?id=1950
https://referencecitationanalysis.com/articles?id=pmid%2f33594326
http://www.ncbi.nlm.nih.gov/pubmed/33594326
https://dx.doi.org/
https://dx.doi.org/
https://referencecitationanalysis.com/InCiteJournalInfo?id=17436
https://referencecitationanalysis.com/articles?id=10.1124%2fmol.110.065714
http://www.ncbi.nlm.nih.gov/pubmed/20736318
https://dx.doi.org/10.1124/mol.110.065714
https://dx.doi.org/10.1124/mol.110.065714
https://dx.doi.org/10.1124/mol.110.065714
https://referencecitationanalysis.com/InCiteJournalInfo?id=13714
https://referencecitationanalysis.com/articles?id=10.1155%2f2015%2f549818
http://www.ncbi.nlm.nih.gov/pubmed/26064985
https://dx.doi.org/10.1155/2015/549818
https://dx.doi.org/10.1155/2015/549818
https://dx.doi.org/10.1155/2015/549818
https://rcastoragev2.blob.core.windows.net/967563830f3b09223498abe08ff9e554/PMC4442007.pdf
https://rcastoragev2.blob.core.windows.net/967563830f3b09223498abe08ff9e554/PMC4442007.pdf
https://rcastoragev2.blob.core.windows.net/967563830f3b09223498abe08ff9e554/PMC4442007.pdf


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2025 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	CHARACTERISTICS OF Β-CELL DEDIFFERENTIATION
	EVIDENCE FROM HUMAN STUDIES AND ANIMAL MODELS
	TRIGGERS OF Β-CELL DEDIFFERENTIATION
	ROLE OF ER STRESS
	FOXO1 INHIBITION AND β-CELL IDENTITY
	THERAPEUTIC IMPLICATIONS AND FUTURE DIRECTIONS
	STUDY LIMITATIONS
	CONCLUSION
	FOOTNOTES
	REFERENCES

