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ype 2 diabetes is associated with obesity, impaired

insulin action, and defective insulin secretion (1).

Although the relative contributions of insulin

resistance and insulin deficiency to the pathogen-
esis of type 2 diabetes are debated, considerable evidence sup-
ports a dominating role for deficient B-cell function in all
stages of the disease (2). The objective of this study was to
define the molecular basis for 3-cell dysfunction in nutrition-
dependent diabetes. Our experimental model was Psam-
momys obesus, a rodent model of type 2 diabetes that
exhibits genetic predisposition for nutrition-induced hyper-
glycemia. The progression from the normoglycemic-nor-
moinsulinemic phase to overt diabetes parallels the stages
observed in obese type 2 diabetic patients. Thus, we have
shown in analogy to the human disease that hyperglycemic
P, obesus exhibit reduced insulin response to glucose stimu-
lation; increased relative levels of insulin precursor mole-
cules in the plasma and in the pancreas, associated with
depletion of pancreatic insulin stores; and reduced pancreatic
B-cell mass (3,4). We hypothesized that the increased vul-
nerability of diabetes-prone animals to dietary overload was
related to inappropriate insulin production due to a defective
regulation of insulin gene expression.

RESULTS

Defective glucose-regulated insulin gene expression in
P. obesus. Feeding high-energy diet to diabetes-prone P. obe-
sus for 4 days resulted in hyperglycemia associated with an
80-90% depletion of islet insulin content. Insulin mRNA levels
analyzed by relative quantitative reverse transcriptase—poly-
merase chain reaction (RT-PCR) remained unchanged during
the first 7 days of high-energy diet, despite hyperglycemia.
Thereafter, insulin mRNA gradually decreased and by day 21
reached 15% of basal values. The failure of P. obesus 3-cells to
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increase insulin gene expression in response to hypergly-
cemia may result from unresponsiveness of the insulin pro-
moter to acute glucose stimulation or from toxic effects of
chronic hyperglycemia. To identify the correct alternative,
we studied the insulin gene response in isolated P. obesus
and rat islets after short-term exposure to high glucose.
Despite normal basal insulin gene expression, no increase in
insulin mRNA was observed in prediabetic P. obesus islets
incubated for 20-22 h with 22.2 mmol/l glucose. In contrast,
a threefold increase in insulin mRNA was observed in similarly
treated rat islets. Thus, insulin gene expression in P. obesus
B-cells does not respond to short-term glucose stimulation.
Because deficient insulin gene transcription may, in part,
account for these findings, we initiated studies on the effect
of nutritional overload on various insulin transcription factors
in the diabetes-prone P. obesus. An unexpected observation
was the apparent lack of pancreas duodenum homeobox
gene-1 (PDX-1), the main mediator of glucose-regulated
insulin gene expression, which also plays a key role in pan-
creatic development (5,6).
Defective PDX-1 expression in pancreatic islets of nor-
moglycemic and hyperglycemic P. obesus. PDX-1 could
not be detected in pancreatic islets of normoglycemic and
hyperglycemic adult P. obesus or in islets of newborn P. obe-
sus. Immunostaining of P obesus pancreas for PDX-1 using
different polyclonal anti-NH,-terminal antibodies (raised
against xenopus, mouse, and human PDX-1) and an anti—
COOH-terminal antibody (raised against human PDX-1) was
negative, whereas most rat and mouse islet cells exhibited
positive nuclear staining for PDX-1. As further confirmation,
PDX-1 could not be detected in Western blot analysis or elec-
trophoretic mobility shift assay of nuclear and whole cell
extracts of islets from P. obesus. DNA-binding activities of
other important insulin transcription factors, such as
RIPE3bl1-Act and IEF-1, were intact. Moreover, the binding
activity of RIPE3bl-Act was three to four times higher in
extracts from diabetic versus normoglycemic P. obesus.
Southern blot analysis on genomic DNA of P. obesus showed
that the PDX-1 gene is present; yet, PDX-1 mRNA could not
be detected by RT-PCR using various oligonucleotides cor-
responding to highly conserved regions of the molecule.
Thus, the apparent absence of PDX-1 may result from
reduced PDX-1 mRNA production or the presence a PDX-1
variant different from that found in other species.

P obesus islets are fully differentiated, despite absent
PDX-1. The absence of PDX-1 gene expression in newborn and
adult P. obesus did not affect the differentiation state of the
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postnatal pancreatic islets, which stained positive for insulin,
somatostatin, glucagon, and GLUT2. Other transcription fac-
tors important for B-cell differentiation, including Islet-1,
NkX2.2, and NkX6.1, were present in newborn and adult P. obe-
sus islets. Furthermore, P obesus islets exhibited glucose-
responsive insulin secretion with increased glucose sensitiv-
ity (7). Glucokinase activity was also present in P obesus
islets. High-energy diet further increased the glucose phos-
phorylation capacity of the islets (7).

CONCLUSIONS

Defective glucose-regulated insulin gene expression con-
tributes to the depletion of islet insulin content in response
to dietary overload. Absent PDX-1 expression in postnatal
P, obesus islets is probably the cause for the defects in insulin
gene expression. However, this may not be sufficient to
cause diabetes in P. obesus given low-energy diet. Further-
more, PDX-1 is not required for basal insulin, GLUT-2, or
glucokinase gene expression in the fully differentiated 3-cell.
Nevertheless, in the absence of PDX-1, pancreatic 3-cells fail
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to increase insulin mRNA in response to glucose stimula-
tion. Increased binding to RIPE3b1 in hyperglycemic P. obe-
sus is not sufficient for stimulation of insulin gene expression.

REFERENCES

1. DeFronzo RA: Lilly Lecture 1987: The triumvirate: B-cell, muscle, liver: a col-
lusion responsible for NIDDM. Diabetes 37:667-687, 1988

2. Kahn BB: Type 2 diabetes: when insulin secretion fails to compensate for
insulin resistance. Cell 92:593-596, 1998

3. Gadot M, Leibowitz G, Shafrir E, Cerasi E, Gross D, Kaiser N: Hyperproinsu-
linemia and insulin deficiency in the diabetic Psammomys obesus.
Endocrinology 135:610-616, 1994

4. Donath MY, Gross DJ, Cerasi E, Kaiser N: Hyperglycemia-induced B-cell apo-
ptosis in pancreatic islets of Psammomys obesus during development of dia-
betes. Diabetes 48:738-744, 1999

5. Marshak S, Totary H, Cerasi E, Melloul D: Purification of the B-cell glucose-
sensitive factor that transactivates the insulin gene differentially in normal and
transformed islet cells. Proc Natl Acad Sci U S A 93:15057-15062, 1996

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

7. Nesher R, Gross DJ, Donath MY, Cerasi E, Kaiser N: Interaction between
genetic and dietary factors determines 3-cell function in Psammomys obesus,
an animal model of type 2 diabetes. Diabetes 48:731-737, 1999

S139



