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Rfx6 Expression at E10
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Rfx6 Expression
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Rfx6-/- Mice at P1
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Rfx6-/- Mice at E17.5
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Mutations in Human Patients.

5 Probands tested:

4 Homozygous RFX6 mutations.
1 Compound heterozygote.
Splicing site and missense mutations.

DNA BINDING DIMERIZATION
RFX6

Arg>Gln Ser>Pro

Wild Type Arg58Gln
Constantin Polychronakos
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β Cell Proliferation: Signals

Metabolic Auto/Paracrine

Neural

Glucose

Lipids
Islet

Insulin
IAPP
IGF2
NPY
Ucn3
GABA
VEGF

PDGFα

Parasympathetic
Sympathetic

Sensory
Enteric

Endocrine

Adrenal (cortisol, epinephrine)
Adipose (leptin, adiponectin)
Gut (GLP1, GIP, gastrin)
Bone (osteocalcin)
Liver (betatrophin)
Pituitary (GH, Prl)
Placenta (PL)

ATP
Adenosine
Serotonin
Dopamine

Acetylcholine



Serotonin (5-HT) in mouse islets
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5-HT Receptors in the Islet
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β-cell-specific expression 

GαqGαi Ligand-gated
cation channel



5-HTR in islets during pregnancy
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5-HT receptor inhibitor   
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Htr2b KO Islets
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β-cell Population in Pregnancy
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GPCRs Implicated in β-Cell 

Proliferation

A. Gαq/11-linked: Chrm3 

Htr2b

B. Gαs-linked: Glp1r

Gipr

Adora2b

C. Gα12/13-linked: ?

D. Gαi/o-linked: Htr1d?



Gαi/o Signaling: Increased: Increased

Islet 
promoter

GiPCR: Htr1a

Insulin/Glucagon

Wild Type Pancreas GiPCR Pancreas
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Gαi/o Signaling: Increased: Increased

Miles Berger
Larry Tecott



Gαi/o Signaling: Increased

GiPCR: Ro1
tetO binding sites
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Gαi/o Signaling: Increased
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Gαi/o Signaling: Decreased

Miles Berger
Larry Tecott

Pertussus Toxin
tetO binding sites

Reverse tetracycline 

transactivator (rtTA)
Insulin promoter

rtTA

rtTAdox

dox

P1-P7



Gαi/o Signaling: Decreased
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β-cell Gαi/o Receptors 

Greg Ku

Hail Kim

Takeshi Miyatsuka



Neural Regulation of β Cell 

Mass
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Sympathetic Signals Inhibit 

Proliferation 
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Gai/o Signals Induce Apoptosis
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Neural Regulation of β-cell 

Proliferation
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Gai/o Signaling in the β Cell
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K-Ras in the β Cell
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K-Ras in the β Cell
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K-Ras in the β Cell
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Malumbres and Barbacid, Nature Reviews Cancer 2002

K-Ras activates diverse effector pathways



K-Ras in the β Cell
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RASSF1 Inhibits Proliferation 

Downstream of Kras
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K-Ras in the β Cell

?



Multiple Endocrine Neoplasia Type 1

Autosomal dominant endocrine

familial tumor syndrome 

characterized by tumors of the 

pancreatic islets (gastrinomas 

and insulinomas), parathyroids, 

pituitary, and adrenal cortex and 

less commonly other 

neuroendocrine tumors caused 

by heterozygous  inactivating 

mutations of the MEN1 gene, 

which encodes the endocrine 

tumor suppressor Menin.



K-Ras in Menin-Sensitive Tissues
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Menin Controls Kras Outputs



DNA  Nkx6.1 EdU

Menin Controls Kras Outputs
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K-Ras in the β Cell
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RASSF1 Inhibits Proliferation 

Downstream of Kras
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Summary
• During pregnancy, lactogenic hormones drive β cell 

serotonin production, which in turn drives β cell 
expansion.

• Gαi/o signals, including sympathetic signaling 
receptors and Htr1d, block proliferation and induce 
apoptosis in β cells.

• Alterations in perinatal β cell proliferation have long 
term effects on β cell mass. 

• Kras signaling paradoxically inhibits β-cell 
proliferation.

• Menin acts as a gatekeeper of MAPK regulation of β-
cell proliferation.

• These pathways have consequences for the role of 
genes, drugs, and stress in type 1 and 2 diabetes and 
gestational diabetes.
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