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iabetes is a multifaceted metabolic

disorder that can be caused by pan-
creatic [3-cell destruction (type I diabe-
tes) and/or heightened by {-cell failure
(type 11 diabetes). The gross clinical and
physiological characteristics of the dis-
ease are well characterized, and viable
treatment options can drastically alter
the course and effects-of the disease.
However, the molecular events occur-
ring within the B-cell that cause or con-
tribute to diabetes are not adequately
understood, especially in terms of the
interplay between the physiological sig-
nals that facilitate disease development:
A recent report, focused on a mechanism
by which IL-1B induces 3-cell apoptosis,
underscores the complexity of the molec-
ular events that may cause or affect the
progression of diabetes. This commen-
tary summarizes aspects of this report,
discusses an example of the complexity
of B-cell regulation and proposes more
frequent use of complex in vitro systems
that more closely mimic in vivo condi-
tions so that greater advances can be
made toward understanding the molecu-
lar mechanisms contributing to diabetes.
Understanding the molecular etiology
of B-cell dysfunction will likely enhance
the possibility of developing novel thera-
peutic interventions for diabetes.

Chronic glucose, lipid and cytokine sig-
naling play key roles in the etiology of
diabetes both within peripheral tissues
and within the B-cell”® Individually,
chronic exposure to each of these stimuli
has been shown to alter B-cell function,
at least in part, by causing the dysregula-
tion of key B-cell regulators such as the
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transcription factor, MafA,>>”!? and to
induce B-cell apoptosis through transcrip-
tion factors including NFkB."” However,
the mechanism(s) by which B-cells are
affected at the molecular level by chronic
exposure to the combination of glucose,
lipids and cytokines is not well understood.

The cytokine, IL-1B, induces the
expression of several-genes-in 3-cells of
which some are dependent upon NFkB,"
and NFkB is an important component
of IL-1B-induced apoptosis in B-cells.”
CHOQOP, a proapoptotic transcription fac-
tor that is—involved in stress-mediated
apoptosis and whose activation has been
implicated in mediating several diseases
including diabetes,”" is upregulated in
B-cells that have been treated with IL-1B
and IFNvy.* Blocking NFkB activation
in B-cells prevents cytokine-mediated
induction of CHOP expression and
apoptosis.' #1820

Shao C et al."? report on a mechanism
that contributes to IL-1B-induced pan-
creatic B-cell apoptosis and that is likely
involved in contributing to B-cell dys-
function under diabetic conditions. As
such, this mechanism may be relevant to
the pathogenesis of diabetes as it occurs
in vivo. Mostly within the confines of a
cell culture system using the standard
insulinoma cell lines, MING and INS-1,
IL-1B is shown to suppress the expression
of key B-cell transcription factors, includ-
ing MafA and Pdx-1;'* loss of these factors
inhibits B-cell development and/or func-
tion.?"** Additionally, IL-1B is shown to
stimulate NFkB activation, and NFkB
subsequently and directly induces the
expression of CHOP, thereby stimulating
apoptotic processes. The MAPKs, JNK,
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p38 and ERK1/2, are activated by IL-1f3,
and JNK or ERK1/2 inhibition slightly
reduces IL-1B-dependent CHOP induc-
tion without altering NFkB activity, sug-
gesting that JNK- or ERK1/2-dependent
CHOP expression may be independent of
NFkB. The combined treatment of glu-
cose and IL-1PB is used to show that the
glucose-regulated action of ERK1/2 influ-
ences IL-1B-dependent CHOP induc-
tion through an NFkB-independent
mechanism(s) speculated to be at the
posttranscriptional level.'”? These data sug-
gest that under IL-1B insult, the action of
NFkB, CHOP and MAPKs coordinately
halt B-cell function via downregulation
of key proteins, such as MafA and Pdx-1,
and induce B-cell destruction via CHOP-
mediated apoptosis. Moreover, the MAPK
experiments suggest that other currently
undefined, intricate mechanisms likely
contribute to CHOP-mediated B-cell fail-
ure and _apoptosis under more complex
conditions similar to those that-occur in
vivo as the result of diabetes. Activation
of CHOP by multiple pathways highlights
the importance of the protein in mediat-
ing B-cell apoptosis.

The MAPK studies conducted by Shao
Cetal.?areinteresting and, asindicated by
the authors, it will be important to extend
these findings in order to understand the
underlying mechanisms. MAPKSs, espe-
cially ERK1/2,% are important complex
regulators of B-cell function. Various
stimuli likely influence MAPK down-
stream effectors through distinct mecha-
nisms, thus leading to varying functional
changes. An example of the complexity of
MAPK signaling is found when compar-
ing a result from Shao C et al."? to other
recent reports regarding the regulation of
MafA expression in B-cells by the JNK/c-
Jun pathway. Shao C et al."? provide data
suggesting that JNK does not impact the
reduction in MafA expression caused by
IL-1B."> However, JNK inhibition has
been shown to induce MafA and does so
most drastically under low glucose condi-
tions when its expression is significantly
reduced; this data suggests that JNK
activity may play a role in downregulat-
ing MafA under low glucose conditions.?
The JNK downstream effector, c-Jun, has
also been implicated in repressing MafA

expression under the diabetic conditions
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of the db/db mouse model, and in vitro
studies have confirmed repression of MafA
by c-Jun.” These three studies'>*** sug-
gest that the JNK/c-Jun pathway may
negatively regulate MafA expression under
specific conditions. Similar complex regu-
latory scenarios are likely true for other
MAPK downstream targets, especially in
B-cells simultaneously activated by mul-
tiple stimuli.

Manylaboratoriesaredetailing the com-
plexity of B-cell regulation. Investigators
are finding that different exogenous
stimuli and cellular conditions influence
B-cell regulation through various mecha-
nisms. The regulation of MafA expression
by JNK is only one example illustrating
the variable sensitivity of B-cells to dif-
ferent stimuli.'>?%% Variable regulation of
B-cell function has interesting functional
implications. For example, MafA can
both inhibit and stimulate CHOP expres-
sion in B-cells.?® Considering the sensitiv-
ity of MafA to various B-cell stimulants;
including glucose, lipids and cytokines,?*”
712242729 then this transcription factor
may differentially regulate CHOP expres-
sion, and thus apoptosis, depending on
the stimulant(s) and subsequent signaling
pathway(s) initiated.

Combining B-cell stimulants, such
as glucose, lipids and cytokines, that are
relevant to the in vivo setting involved
in diabetes development and progression
within the context of in vitro systems is an
approach not often used in the B-cell field.
Moreover, analysis of multiple proteins
and pathways, as conducted by Shao C et
al.,'? is not the norm as we too often sin-
gle-out a particular protein and/or path-
way in our studies. However, complex,
integrated analyses are required to define
the molecular details of B-cell failure as it
occurs in vivo given that multiple molecu-
lar mechanisms and the interplay between
glucolipotoxicity- and cytokine-mediated
B-cell dysfunction/failure and destruc-
tion are likely critically important to the
etiology of diabetes."® The data obtained
by Shao et al.”? demonstrate the type of
hypothesis-generating findings that can
result from studying the combined effect
of B-cell stimulants and multiple proteins
and pathways. More widespread use of
complex in vitro experimental systems
addressing the integration, crosstalk and
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divergence of signaling events and the
resulting functional changes in the B-cell
should be embraced because such sys-
tems and analyses may accelerate targeted
development of novel therapies for treat-
ing diabetes.
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