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MAFA is a basic leucine zipper family transcription factor. In pancreas, MAFA can activate the expression of insulin in β-cells

with PDX1 and NEUROD1. MAFA is indeed indispensable for the maintenance of not only insulin expression but also function

of adult β-cells. Here, role of MAFA in pancreatic β-cells is mainly described. 
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1. Introduction

The total population of patients with diabetes worldwide is predicted to reach 537 million in 2021 and 783 million in 2045 .

Pancreatic β-cells secrete insulin to regulate blood glucose. The dysfunction and/or reduced mass of pancreatic β-cells

results in impaired glucose-stimulated insulin secretion (GSIS), leading to diabetes. Therefore, it is important to clarify the

molecular mechanism of β-cell failure for elucidation of the pathophysiology of diabetes.

Recent studies challenge the concept of cell fate determination, suggesting that cell differentiation is a dynamic state .

Many studies in various tissues have demonstrated that the manipulation of a few master transcription factors can specifically

allow somatic cell fate conversion into a particular cell type in vivo . The plasticity of somatic cells in a pathological

state, with loss of these transcription factors, has been intensively investigated in pancreatic endocrine cells. Recent research

shows that the molecular mechanism of β-cell failure in type 2 diabetes involves identity loss or dedifferentiation. Lineage

tracing studies have demonstrated that several transcription factors critical for β-cell differentiation or maturation ,

including v-Maf musculoaponeurotic fibrosarcoma oncogene family transcription factor A (MAFA) , control the maintenance

of the mature phenotype of β-cells.

2. Targets of the Transcription Factor MAFA

The insulin 2 promoter in rat pancreatic β-cells is regulated by three major elements, A3, C1-A2 and E1 . Mutation in

any of these elements resulted in reduction in the promoter activity of rat  Ins2, suggesting the importance of transcription

factors that can bind to these elements . MAFA was identified as a binding factor and an activator of the C1-A2 element .

An electrophoretic mobility-shift assay using a probe from −139 to −101 bp of the rat Ins2 promoter successfully detected a 47

kDa protein from the HIT T-15 hamster insulinoma cell line, which was identified as MAFA by mass spectrometry. This finding

was later confirmed by three independent studies . Meanwhile, PDX1, a homeodomain transcription factor, and

NEUROD1, a transcription factor that belongs to the basic helix-loop-helix family, can bind A3 and E1, respectively .

These three factors can interact with each other and cooperatively activate the insulin gene in β-cells .

The glucose-dependent expression of MAFA in β-cells  prompted researchers to investigate the function of MAFA in β-cells.

Accumulating evidence has revealed that MAFA is critical for the expression of not only  Ins2  but

also  Ins1,  Slc2a2,  Slc30a8,  Pcsk1,  Pdx1,  Sytl4,  Maob,  Vdr,  Prlr,  Ccnd2,  Ucn3  and  ChrnB4  in β-cells .

Most of these molecules are involved in GSIS and play a functional role in mature β-cells. The results of another study have

also revealed that MLL3/4 function as transcriptional coactivators of MAFA and play a role in inducing the expression

of Ins2, Slc2a2, G6pc2, Slc30a8 and Ccnd2  in β-cells . Studies revealed that the expression of exocytosis-related genes

Stx1a  and  Stxbp1, subunits of voltage-gated Ca   channels  CaVγ4, and  Ppp1r1a  that is involved in GLP1R-mediated

amplification of GSIS, is also regulated by MAFA, further demonstrating the importance of MAFA in insulin secretion .

Analysis of islet-specific enhancers by ChIP-seq of mouse islets revealed 3638 MAFA-enriched loci .

So far, the analysis of global  and pancreas-specific Mafa knockout mice  has been reported. These mice have

similar phenotype, showing impaired mass and function of β-cells by 3 to 4 weeks of age, reduced proliferation with no

accelerated apoptosis of β-cells, downregulation in the expression of Ins1, Ins2, Slc2a2, Slc30a8 and Pdx1 in their islets, and

glucose intolerance. Transcriptome analyses of islets isolated from  Mafa  knockout mice have further elucidated candidate

molecules that are regulated by MAFA. Genes downregulated in both knockout mice

include Trpm5, Sytl4, Slc14a2, BC039632, Gad1, Maob, Ttc28, Lifr, Rhobtb1, Slc2a2, Car10, Atp7a, Papss2, Scel, Prlr, F13a1, Nup93, Slc30a8, Vdr, Ccnd2, C

. In addition, it has been recently reported that MAFA plays a role in the inhibition of cytokine production from β-cells,

which is involved in islet inflammation .

3. The Role of Maf Factors in the Developing Pancreas
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PDX1 is expressed in early pancreatic buds at E8.5.  Pdx1  knockout embryos are apancreatic . The expression of

NEUROD1 is restricted to the endocrine cells of the pancreas. A striking reduction in the number of endocrine cells is

observed in the pancreases of  Neurod1  knockout embryos . These data underscore the importance of insulin gene

transcription factors in pancreatic development. The expression of MAFA occurs during pancreatic development starting at

E12.5 to E13.5 and can be observed exclusively in insulin-expressing (insulin ) cells . Meanwhile, another large Maf

factor MAFB is expressed in glucagon  cells as early as at E10.5 and also in insulin  cells prior to MAFA during embryonic

development of murine pancreas . Interestingly, MAFB shares a DNA-binding region with MAFA and thus can bind the

C1-A2 element of insulin promoter in vivo, activate it in vitro, and can also bind R3 region of Mafa  promoter during β-cell

development . MAFB expression persisted in glucagon  and insulin  cells but not in either somatostatin  or pancreatic

polypeptide   cells during development, which is gradually restricted to glucagon   cells after birth, and it is selectively

expressed in the glucagon-producing α-cells of the adult pancreatic islets . β-cell-specific and α-cell-specific

expression of MAFA and MAFB in adult mice pancreas, respectively, have been confirmed not only by immunohistochemistry

but also by promoter activities of Mafa and Mafb that drive the expression of two fluorescent proteins independently in mice

. Numerous studies have demonstrated that immature β-cells express MAFB, while mature β-cells express MAFA in the

embryonic or neonatal pancreas . The changes in the expression of Maf factors during development of the

pancreas indicate that the terminal differentiation process toward mature β-cells occurs even after the expression of insulin.

These observations are further supported by the results of stem cell studies showing that the ability to secrete insulin from

ES-derived insulin   cells accompanied the expression of MAFA . In adult islets, the expression of MAFA is not

homogenous , which has been validated by recent single-cell analyses  and reveals the heterogeneity of islet cells,

indicating that transcriptionally mature and immature β-cells coexist within the adult islet together . Other than MAFA,

UCN3 is recognized as a marker for mature β-cells, although the genetic deletion of Ucn3 does not cause a loss of β-cell

maturity or an increase in β-cell dedifferentiation , suggesting the importance of MAFA as a marker of mature β-cells.

Mafb-deficient pancreas have a reduced number of insulin+ and glucagon+ cells with reduced expression of PDX1 and

MAFA, without affecting endocrine progenitor cells expressing NEUROG3, NKX2-2, NKX6-1 and PAX6 . Pax6-deficient

pancreas have a similar phenotype, but the expression of MAFB is downregulated . In contrast with these mutant embryos

that have a reduced number of insulin   cells, the embryonic development is normal in the  Mafa   pancreas .

Meanwhile, the overexpression of MAFA in Pdx1-expressing cells in the early pancreatic bud does not convert these cells into

insulin   cells but inhibits differentiation and proliferation, suggesting that the sequential activation of the expression of

transcription factors is critical for endocrine differentiation in the embryonic pancreas .

In addition to these data, it is intriguing that the ectopic expression of MAFA, PDX1 and NEUROD1 (or NGN3) converts adult

liver or pancreatic acinar cells to β-cells . These three transcription factors may be master genes of pancreatic β-cells,

which can induce the expression of genes necessary for cell fate conversion.

4. The Role of MAFA in the Maintenance of the Mature β-Cell
Phenotype

Numerous studies have demonstrated that the expression of MAFA is impaired in β-cells of rodents and humans with diabetes

. This reduction in the expression of MAFA in compromised β-cells occurs prior to the downregulation of other

transcription factors that are expressed in β-cells, such as PDX1 and NKX6-1 . The loss of MAFA results in the reduced

expression of molecules that are critical for the function of β-cells, as discussed above .

In addition, accumulating evidence suggests that MAFA is not only critical for insulin biosynthesis and GSIS but also

indispensable for maintenance of the mature phenotype of β-cells . Although Mafa-deficient mice have a comparable

number of β-cells throughout embryonic development and at birth, they become intolerant to glucose with reduced or no

expression of insulin in the islets, although they do not show overt diabetes . The β-cell to α-cell ratio in the islets of

the pancreas decreases during the neonatal period. Importantly, genetic lineage tracing analysis revealed that Mafa  β-cells

retain an endocrine cell phenotype with the expression of SYP and CHGA but have reduced or lost the expression of insulin,

although a few expressed glucagon. These insulin-negative “empty” endocrine cells in  Mafa   islets have decreased

expression of molecules critical for β-cell function, such as Ins1, Glut2, Slc30a8, Pcsk1, Vdr and Ucn3, as well as increased

expression of molecules conventionally repressed in β-cells, such

as Gcg, Mafb, Pax4, Neurog3, Sox9, Sox2, Nanog and Mct1, some of which are recently identified as β-cell disallowed genes

. These phenomena are now recognized as the dedifferentiation of β-cells , which has been described earlier 

and validated by lineage tracing . Not only in Mafa-deficient mice but also diabetic mice with reduced expression of MAFA

have a deeper loss of β-cell identity with the changes in gene expression above . These results suggest that MAFA is

critical for the formation and maintenance of the mature β-cell phenotype and that dedifferentiation with a loss of MAFA could

be the common mechanism of β-cell dysfunction in type 2 diabetes in both mice and humans.
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In the rodent study, this ‘loss of β-cell identity’ is characterized by (1) the decreased or completely absent biosynthesis of

insulin in β-cells demonstrated by genetic lineage tracing studies, (2) the existence of “empty” endocrine cells in islets shown

by electron microscopy and (3) the impaired expression of genes critical for β-cell function with increased expression of

molecules that are normally repressed in β-cells, including the upregulation of transcription factors that are transiently

expressed in endocrine precursors such as the ‘immature β-cell marker’ MAFB. A certain fraction of β-cells with loss of identity

are transdifferentiated to glucagon  cells. These observations can also be seen in Foxo1, Pdx1, Pax6 and Nkx2-2 knockout

mice (Table 1) , most of which are also important for β-cell specification during pancreatic development 

. In dedifferentiated β-cells, the increased expression of genes such as the transcription factors Mafb and Arx, which

are critical for α-cell specification, may be induced by epigenetic modifications such as promoter demethylation .

Interestingly, the deletion of  Mafb  in diet-induced obese  Mafa-deficient mice shows impaired islet formation, a decreased

number of β-cells and diabetes, which is more advanced than those in diet-induced obese Mafa-deficient mice, suggesting

that MAFB may have a role in the maintenance of adult β-cells with a reduced expression of MAFA , although another

study demonstrated that MAFB alone was unable to rescue the β-cell defects in mice lacking Mafa  . Taken together, MAFA

is critical for the fate of β-cells in adult pancreas.

Table 1. Genetic lineage tracing studies of transgenic mice to show adult β-cell dedifferentiation.

* Gain-of-function mutation.

Recent studies have also shown that there is a redifferentiation of β-cells via intensive insulin therapy in a diabetes mice .

This phenomenon may also take place in humans and contribute to the recovery of insulin secretion that has been observed

in diabetic patients who have undergone intensive insulin therapy . These results raise the possibility that factors that can

upregulate MAFA or inhibit MAFA downregulation may induce the redifferentiation of β-cells in individuals with diabetes.

Indeed, the expression of MAFA induced by a Cre-loxP-Rosa system in β-cells of diabetes model mice increased plasma

insulin, ameliorated elevated blood glucose and HbA1c, and preserved β-cell function .

References

1. IDF Diabetes Atlas 10th Edition. 2021. Available online: https://diabetesatlas.org (accessed on 29 March
2022).

2. Takahashi, K.; Yamanaka, S. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast
cultures by defined factors. Cell 2006, 126, 663–676.

+

[8][9][10][11][12][65] [62][63]

[64][65][66]

[67][68]

[69]

[70]

References Genes Mice Insulin   β-
Cells

Upregulated
Genes

Trans-
Differentiationβ-Cell Death

Talchai et al.
Cell 2012

Foxo1 RIPCre;Foxo1 ;RosaEGFP
with metabolic stress

Detected
Neurog3,

Oct4,
Nanog

β- to
α, δ, γ--cells

Similar to
the controls

(TUNEL,
cleaved

caspase-3)

Gao et al.
Cell Metab

2014
Pdx1 RIPCreER;Pdx1 ;RosaYFP Detected Mafb, Gcg β- to α-cells

Not marked
(Cleaved

caspase-3)

Wang et al.
Cell Metab

2014

Kcnj11
(K -
GOF

*)

RIPCre or
Pdx1CreER;RosaKir6.2 [K185Q,DN30]

IRES-GFP
Detected Neurog3 β- to α-cells

No
significant
difference
(TUNEL,
cleaved

caspase-3)

Nishimura
et al.

Diabetologia
2015

Mafa Mafa ;RIPCreER;RosaYFP Detected
Neurog3,

Mafb, Mct1
β- to α-cells

No
significant
difference
(TUNEL)

Ahmad et
al.

PLoS ONE
2015

Pax6 RIPCreER;Pax6 ;RosaYFP Detected Ghrl β- to ε-cells
Not

affected
(TUNEL)

Ediger et al.
J Clin Invest

2017
Ldb1 MIPCreER;Lbd ;RosaYFP Detected

Neurog3,
Rfx6

(-)
No change
in islet size
and density

Gutiérrez et
al.

J Clin Invest
2017

Nkx2-
2 RIPCre;Nkx2-2 ;RosaTomato Detected

Ppy, Sst,
Acot7

β- to
α, δ, γ-cells

Little
evidence
(Cleaved

caspase-3)

Lee et al.
Diabetologia

2022
Xbp1 Pdx1CreER;Xbp1 ;RosaGFP

with metabolic stress
Detected

Arx, Irx2,
Gcg

β- to α-cells
Significantly
increases
(TUNEL)

(−)

fl/fl

fl/fl

ATP

-/-

fl/fl

fl/fl

fl/fl

fl/fl

[10]

[71]

[71]



Transcription Factor MAFA in Pancreatic β-cells | Encyclopedia.pub

https://encyclopedia.pub/entry/22636 4/7

3. Jopling, C.; Boue, S.; Izpisua Belmonte, J.C. Dedifferentiation, transdifferentiation and reprogramming:
Three routes to regeneration. Nat. Rev. Mol. Cell Biol. 2011, 12, 79–89.

4. Zhou, Q.; Brown, J.; Kanarek, A.; Rajagopal, J.; Melton, D.A. In vivo reprogramming of adult pancreatic
exocrine cells to beta-cells. Nature 2008, 455, 627–632.

5. Ieda, M.; Fu, J.D.; Delgado-Olguin, P.; Vedantham, V.; Hayashi, Y.; Bruneau, B.G.; Srivastava, D. Direct
reprogramming of fibroblasts into functional cardiomyocytes by defined factors. Cell 2010, 142, 375–386.

6. Vierbuchen, T.; Ostermeier, A.; Pang, Z.P.; Kokubu, Y.; Südhof, T.C.; Wernig, M. Direct conversion of
fibroblasts to functional neurons by defined factors. Nature 2010, 463, 1035–1041.

7. Sekiya, S.; Suzuki, A. Direct conversion of mouse fibroblasts to hepatocyte-like cells by defined factors.
Nature 2011, 475, 390–393.

8. Papizan, J.B.; Singer, R.A.; Tschen, S.I.; Dhawan, S.; Friel, J.M.; Hipkens, S.B.; Magnuson, M.A.; Bhushan,
A.; Sussel, L. Nkx2.2 repressor complex regulates islet beta-cell specification and prevents beta-to-alpha-
cell reprogramming. Genes Dev. 2011, 25, 2291–2305.

9. Talchai, C.; Xuan, S.; Lin, H.V.; Sussel, L.; Accili, D. Pancreatic Beta cell dedifferentiation as a mechanism
of diabetic Beta cell failure. Cell 2012, 150, 1223–1234.

10. Wang, Z.; York, N.W.; Nichols, C.G.; Remedi, M.S. Pancreatic β cell dedifferentiation in diabetes and
redifferentiation following insulin therapy. Cell Metab. 2014, 19, 872–882.

11. Gao, T.; McKenna, B.; Li, C.; Reichert, M.; Nguyen, J.; Singh, T.; Yang, C.; Pannikar, A.; Doliba, N.; Zhang,
T.; et al. Pdx1 maintains beta cell identity and function by repressing an alpha cell program. Cell Metab.
2014, 19, 259–271.

12. Nishimura, W.; Takahashi, S.; Yasuda, K. MafA is critical for maintenance of the mature beta cell phenotype
in mice. Diabetologia. 2015, 58, 566–574.

13. Karlsson, O.; Edlund, T.; Moss, J.B.; Rutter, W.J.; Walker, M.D. A mutational analysis of the insulin gene
transcription control region: Expression in beta cells is dependent on two related sequences within the
enhancer. Proc. Natl. Acad. Sci. USA 1987, 84, 8819–8823.

14. Ohlsson, H.; Thor, S.; Edlund, T. IPF1, a homeodomain-containing transactivator of the insulin gene. Mol
Endocrinol. 1991, 5, 897–904.

15. Sharma, A.; Stein, R. Glucose-induced transcription of the insulin gene is mediated by factors required for
B-cell-type-specific expression. Mol. Cell Biol. 1994, 14, 871–879.

16. Sander, M.; German, M.S. The beta cell transcription factors and development of the pancreas. J. Mol.
Med. 1997, 75, 327–340.

17. Olbrot, M.; Rud, J.; Moss, L.G.; Sharma, A. Identification of beta-cell-specific insulin gene transcription
factor RIPE3b1 as mammalian MafA. Proc. Natl. Acad. Sci. USA 2002, 99, 6737–6742.

18. Kataoka, K.; Han, S.I.; Shioda, S.; Hirai, M.; Nishizawa, M.; Handa, H. MafA is a glucose-regulated and
pancreatic beta-cell-specific transcriptional activator for the insulin gene. J. Biol. Chem. 2002, 277, 49903–
49910.

19. Matsuoka, T.A.; Zhao, L.; Artner, I.; Jarrett, H.W.; Friedman, D.; Means, A.; Stein, R. Members of the large
Maf transcription family regulate insulin gene transcription in islet beta cells. Mol. Cell Biol. 2003, 23, 6049–
6062.

20. Kajihara, M.; Sone, H.; Amemiya, M.; Katoh, Y.; Isogai, M.; Shimano, H.; Yamada, N.; Takahashi, S. Mouse
MafA, homologue of zebrafish somite Maf 1, contributes to the specific transcriptional activity through the
insulin promoter. Biochem. Biophys. Res. Commun. 2003, 312, 831–842.

21. Aramata, S.; Han, S.I.; Yasuda, K.; Kataoka, K. Synergistic activation of the insulin gene promoter by the
beta-cell enriched transcription factors MafA, Beta2, and Pdx1. Biochim. Biophys. Acta 2005, 1730, 41–46.

22. Zhao, L.; Guo, M.; Matsuoka, T.A.; Hagman, D.K.; Parazzoli, S.D.; Poitout, V.; Stein, R. The islet beta cell-
enriched MafA activator is a key regulator of insulin gene transcription. J. Biol. Chem. 2005, 280, 11887–
11894.

23. Zhang, C.; Moriguchi, T.; Kajihara, M.; Esaki, R.; Harada, A.; Shimohata, H.; Oishi, H.; Hamada, M.; Morito,
N.; Hasegawa, K.; et al. MafA is a key regulator of glucose-stimulated insulin secretion. Mol. Cell Biol.
2005, 25, 4969–4976.



Transcription Factor MAFA in Pancreatic β-cells | Encyclopedia.pub

https://encyclopedia.pub/entry/22636 5/7

24. Eto, K.; Nishimura, W.; Oishi, H.; Udagawa, H.; Kawaguchi, M.; Hiramoto, M.; Fujiwara, T.; Takahashi, S.;
Yasuda, K. MafA is required for postnatal proliferation of pancreatic β-cells. PLoS ONE 2014, 9, e104184.

25. Hang, Y.; Yamamoto, T.; Benninger, R.K.; Brissova, M.; Guo, M.; Bush, W.; Piston, D.W.; Powers, A.C.;
Magnuson, M.; Thurmond, D.C.; et al. The MafA transcription factor becomes essential to islet β-cells soon
after birth. Diabetes 2014, 63, 1994–2005.

26. Ganic, E.; Johansson, J.K.; Bennet, H.; Fex, M.; Artner, I. Islet-specific monoamine oxidase A and B
expression depends on MafA transcriptional activity and is compromised in type 2 diabetes. Biochem.
Biophys. Res. Commun. 2015, 468, 629–635.

27. Ganic, E.; Singh, T.; Luan, C.; Fadista, J.; Johansson, J.K.; Cyphert, H.A.; Bennet, H.; Storm, P.; Prost, G.;
Ahlenius, H.; et al. MafA-controlled nicotinic receptor expression is essential for insulin secretion and is
impaired in patients with type 2 diabetes. Cell Rep. 2016, 14, 1991–2002.

28. Vanhoose, A.M.; Samaras, S.; Artner, I.; Henderson, E.; Hang, Y.; Stein, R. MafA and MafB regulate Pdx1
transcription through the Area II control region in pancreatic beta cells. J. Biol. Chem. 2008, 283, 22612–
22619.

29. Tennant, B.R.; Robertson, A.G.; Kramer, M.; Li, L.; Zhang, X.; Beach, M.; Thiessen, N.; Chiu, R.; Mungall,
K.; Whiting, C.J.; et al. Identification and analysis of murine pancreatic islet enhancers. Diabetologia 2013,
56, 542–552.

30. Scoville, D.W.; Cyphert, H.A.; Liao, L.; Xu, J.; Reynolds, A.; Guo, S.; Stein, R. MLL3 and MLL4
methyltransferases bind to the MAFA and MAFB transcription factors to regulate islet β-cell function.
Diabetes 2015, 64, 3772–3783.

31. Singh, T.; Achanta, K.; Bsharat, S.; Prasad, R.B.; Luan, C.; Renström, E.; Eliasson, L.; Artner, I. MAFA and
MAFB regulate exocytosis-related genes in human beta-cells. Acta Physiol. 2022, 234, e13761.

32. Cataldo, L.R.; Vishnu, N.; Singh, T.; Bertonnier-Brouty, L.; Bsharat, S.; Luan, C.; Renström, E.; Prasad,
R.B.; Fex, M.; Mulder, H.; et al. The MafA-target gene PPP1R1A regulates GLP1R-mediated amplification
of glucose-stimulated insulin secretion in β-cells. Metabolism 2021, 118, 154734.

33. Luan, C.; Ye, Y.; Singh, T.; Barghouth, M.; Eliasson, L.; Artner, I.; Zhang, E.; Renström, E. The calcium
channel subunit gamma-4 is regulated by MafA and necessary for pancreatic beta-cell specification.
Commun. Biol. 2019, 2, 106.

34. Singh, T.; Sarmiento, L.; Luan, C.; Prasad, R.B.; Johansson, J.; Cataldo, L.R.; Renström, E.; Soneji, S.;
Cilio, C.; Artner, I. MafA expression preserves immune homeostasis in human and mouse islets. Genes
2018, 9, 644.

35. Jonsson, J.; Carlsson, L.; Edlund, T.; Edlund, H. Insulin-promoter-factor 1 is required for pancreas
development in mice. Nature 1994, 371, 606–609.

36. Naya, F.J.; Huang, H.P.; Qiu, Y.; Mutoh, H.; DeMayo, F.J.; Leiter, A.B.; Tsai, M.J. Diabetes, defective
pancreatic morphogenesis, and abnormal enteroendocrine differentiation in BETA2/neuroD-deficient mice.
Genes Dev. 1997, 11, 2323–2334.

37. Nishimura, W.; Kondo, T.; Salameh, T.; El Khattabi, I.; Dodge, R.; Bonner-Weir, S.; Sharma, A. A switch
from MafB to MafA expression accompanies differentiation to pancreatic beta-cells. Dev. Biol. 2006, 293,
526–539.

38. Matsuoka, T.A.; Artner, I.; Henderson, E.; Means, A.; Sander, M.; Stein, R. The MafA transcription factor
appears to be responsible for tissue-specific expression of insulin. Proc. Natl. Acad. Sci. USA 2004, 101,
2930–2933.

39. Artner, I.; Blanchi, B.; Raum, J.C.; Guo, M.; Kaneko, T.; Cordes, S.; Sieweke, M.; Stein, R. MafB is required
for islet beta cell maturation. Proc. Natl. Acad. Sci. USA 2007, 104, 3853–3858.

40. Raum, J.C.; Hunter, C.S.; Artner, I.; Henderson, E.; Guo, M.; Elghazi, L.; Sosa-Pineda, B.; Ogihara, T.;
Mirmira, R.G.; Sussel, L.; et al. Islet beta-cell-specific MafA transcription requires the 5’-flanking conserved
region 3 control domain. Mol. Cell Biol. 2010, 30, 4234–4244.

41. Artner, I.; Le Lay, J.; Hang, Y.; Elghazi, L.; Schisler, J.C.; Henderson, E.; Sosa-Pineda, B.; Stein, R. MafB:
An activator of the glucagon gene expressed in developing islet alpha- and beta-cells. Diabetes 2006, 55,
297–304.

42. Nishimura, W.; Oishi, H.; Funahashi, N.; Fujiwara, T.; Takahashi, S.; Yasuda, K. Generation and
characterization of MafA-Kusabira Orange mice. Endocr. J. 2015, 62, 37–51.



Transcription Factor MAFA in Pancreatic β-cells | Encyclopedia.pub

https://encyclopedia.pub/entry/22636 6/7

43. Riley, K.G.; Pasek, R.C.; Maulis, M.F.; Peek, J.; Thorel, F.; Brigstock, D.R.; Herrera, P.L.; Gannon, M.
Connective tissue growth factor modulates adult β-cell maturity and proliferation to promote β-cell
regeneration in mice. Diabetes 2015, 64, 1284–1298.

44. Nishimura, W.; Rowan, S.; Maas, R.; Bonner-Weir, S.; Sell, S.M.; Sharma, A. Preferential reduction of β
cells derived from Pax6–MafB pathway in MafB deficient mice. Dev. Biol. 2008, 314, 443–456.

45. Kroon, E.; Martinson, L.A.; Kadoya, K.; Bang, A.G.; Kelly, O.G.; Eliazer, S.; Young, H.; Richardson, M.;
Smart, N.G.; Cunningham, J.; et al. Pancreatic endoderm derived from human embryonic stem cells
generates glucose-responsive insulin-secreting cells in vivo. Nat. Biotechnol. 2008, 26, 443–452.

46. El Khattabi, I.; Sharma, A. Proper activation of MafA is required for optimal differentiation and maturation of
pancreatic β-cells. Best Pract. Res. Clin. Endocrinol. Metab. 2015, 29, 821–831.

47. Aguayo-Mazzucato, C.; Koh, A.; El Khattabi, I.; Li, W.C.; Toschi, E.; Jermendy, A.; Juhl, K.; Mao, K.; Weirm,
G.C.; Sharma, A.; et al. Mafa expression enhances glucose-responsive insulin secretion in neonatal rat
beta cells. Diabetologia 2011, 54, 583–593.

48. Li, F.; Hu, D.; Dieter, C.; Ansong, C.; Sussel, L.; Orr, G. Single Molecule-Based fliFISH Validates Radial and
Heterogeneous Gene Expression Patterns in Pancreatic Islet beta-Cells. Diabetes 2021, 70, 1117–1122.

49. Nasteska, D.; Fine, N.H.F.; Ashford, F.B.; Cuozzo, F.; Viloria, K.; Smith, G.; Dahir, A.; Dawson, P.W.J.; Lai,
Y.C.; Bastidas-Ponce, A.; et al. PDX1(LOW) MAFA(LOW) beta-cells contribute to islet function and insulin
release. Nat. Commun. 2021, 12, 674.

50. Huang, J.L.; Lee, S.; Hoek, P.; van der Meulen, T.; Van, R.; Huising, M.O. Genetic deletion of Urocortin 3
does not prevent functional maturation of beta cells. J. Endocrinol. 2020, 246, 69–78.

51. Artner, I.; Hang, Y.; Mazur, M.; Yamamoto, T.; Guo, M.; Lindner, J.; Magnuson, M.A.; Stein, R. MafA and
MafB regulate genes critical to beta-cells in a unique temporal manner. Diabetes 2010, 59, 2530–2539.

52. Nishimura, W.; Bonner-Weir, S.; Sharma, A. Expression of MafA in pancreatic progenitors is detrimental for
pancreatic development. Dev. Biol. 2009, 333, 108–120.

53. Kaneto, H.; Matsuoka, T.A.; Nakatani, Y.; Miyatsuka, T.; Matsuhisa, M.; Hori, M.; Yamasaki, Y. A crucial role
of MafA as a novel therapeutic target for diabetes. J. Biol. Chem. 2005, 280, 15047–15052.

54. Nagasaki, H.; Katsumata, T.; Oishi, H.; Tai, P.H.; Sekiguchi, Y.; Koshida, R.; Jung, Y.; Kudo, T.; Takahashi,
S. Generation of insulin-producing cells from the mouse liver using β cell-related gene transfer including
Mafa and Mafb. PLoS ONE 2014, 9, e113022.

55. Guo, S.; Dai, C.; Guo, M.; Taylor, B.; Harmon, J.S.; Sander, M.; Robertson, R.P.; Powers, A.C.; Stein, R.
Inactivation of specific beta cell transcription factors in type 2 diabetes. J. Clin. Investig. 2013, 123, 3305–
3316.

56. Kitamura, Y.I.; Kitamura, T.; Kruse, J.P.; Kitamura, Y.I.; Kitamura, T.; Kruse, J.P.; Raum, J.C.; Stein, R.; Gu,
W.; Accili, D. FoxO1 protects against pancreatic beta cell failure through NeuroD and MafA induction. Cell
Metab. 2005, 2, 153–163.

57. Kondo, T.; Khattabi, E.I.; Nishimura, W.; Laybutt, D.R.; Geraldes, P.; Shah, S.; King, G.; Bonner-Weir, S.;
Weir, G.; Sharma, A. p38 MAPK is a major regulator of MafA protein stability under oxidative stress. Mol.
Endocrinol. 2009, 23, 1281–1290.

58. Ueki, K.; Okada, T.; Hu, J.; Liew, C.W.; Assmann, A.; Dahlgren, G.M.; Peters, J.L.; Shackman, J.G.; Zhang,
M.; Artner, I.; et al. Total insulin and IGF-I resistance in pancreatic beta cells causes overt diabetes. Nat.
Genet. 2006, 38, 583–588.

59. Hang, Y.; Stein, R. MafA and MafB activity in pancreatic β cells. Trends Endocrinol. Metab. 2011, 22, 364–
373.

60. Kaneto, H.; Matsuoka, T.A. Role of pancreatic transcription factors in maintenance of mature β-cell
function. Int. J. Mol. Sci. 2015, 16, 6281–6297.

61. Thorrez, L.; Laudadio, I.; Van Deun, K.; Quintens, R.; Hendrickx, N.; Granvik, M.; Lemaire, K.; Schraenen,
A.; Van Lommel, L.; Lehnert, S.; et al. Tissue-specific disallowance of housekeeping genes: The other face
of cell differentiation. Genome Res. 2011, 21, 95–105.

62. Pullen, T.J.; Rutter, G.A. When less is more: The forbidden fruits of gene repression in the adult beta-cell.
Diabetes Obes. Metab. 2013, 15, 503–512.



Transcription Factor MAFA in Pancreatic β-cells | Encyclopedia.pub

https://encyclopedia.pub/entry/22636 7/7

63. Jonas, J.C.; Sharma, A.; Hasenkamp, W.; Ilkova, H.; Patanè, G.; Laybutt, R.; Bonner-Weir, S.; Weir, G.C.
Chronic hyperglycemia triggers loss of pancreatic beta cell differentiation in an animal model of diabetes. J.
Biol. Chem. 1999, 274, 14112–14121.

64. Weinberg, N.; Ouziel-Yahalom, L.; Knoller, S.; Efrat, S.; Dor, Y. Lineage tracing evidence for in vitro
dedifferentiation but rare proliferation of mouse pancreatic beta-cells. Diabetes 2007, 56, 1299–1304.

65. Paul, L.; Walker, E.M.; Drosos, Y.; Cyphert, H.A.; Neale, G.; Stein, R.; South, J.; Grosveld, G.; Herrera, P.L.;
Sosa-Pineda, B. Lack of Prox1 downregulation disrupts the expansion and maturation of postnatal murine
β-cells. Diabetes 2016, 65, 687–698.

66. van der Meulen, T.; Huising, M.O. Role of transcription factors in the transdifferentiation of pancreatic islet
cells. J. Mol. Endocrinol. 2015, 54, 103–117.

67. Dhawan, S.; Georgia, S.; Tschen, S.I.; Fan, G.; Bhushan, A. Pancreatic beta cell identity is maintained by
DNA methylation-mediated repression of Arx. Dev. Cell. 2011, 20, 419–429.

68. Nishimura, W.; Ishibashi, N.; Eto, K.; Funahashi, N.; Udagawa, H.; Miki, H.; Oe, S.; Noda, Y.; Yasuda, K.
Demethylation of the MafB promoter in a compromised β-cell model. J. Mol. Endocrinol. 2015, 55, 31–40.

69. Xiafukaiti, G.; Maimaiti, S.; Ogata, K.; Kuno, A.; Kudo, T.; Shawki, H.H.; Oishi, H.; Takahashi, S. MafB is
important for pancreatic beta-cell maintenance under a MafA-deficient condition. Mol. Cell Biol. 2019, 39,
e00080-19.

70. Cyphert, H.A.; Walker, E.M.; Hang, Y.; Dhawan, S.; Haliyur, R.; Bonatakis, L.; Avrahami, D.; Brissova, M.;
Kaestner, K.H.; Bhushan, A.; et al. Examining How the MAFB Transcription Factor Affects Islet β-Cell
Function Postnatally. Diabetes 2019, 68, 337–348.

71. Matsuoka, T.A.; Kaneto, H.; Kawashima, S.; Miyatsuka, T.; Tochino, Y.; Yoshikawa, A.; Imagawa, A.;
Miyazaki, J.; Gannon, M.; Stein, R.; et al. Preserving Mafa expression in diabetic islet β-cells improves
glycemic control in vivo. J. Biol. Chem. 2015, 290, 7647–7657.

Retrieved from https://encyclopedia.pub/entry/history/show/54770


