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The role of dual leucine zipper kinase (DLK) in β-cell apoptosis:
a potential target for the prevention and treatment of type 2
diabetes?
Commentary to: Börchers et al., TNF-α induced DLK activation contributes to apoptosis in
the β-cell line HIT
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Type 2 diabetes is a severe imbalance of glucose homeostasis
caused by both insufficient insulin secretion and a reduced
insulin sensitivity (insulin resistance). There is general agree-
ment that the fatty liver associated with visceral obesity plays
a major role in the pathogenesis of insulin resistance (Kahn
and Flier 2000). The latter is compensated by enhanced insu-
lin secretion during a latency period with only marginally
increased glucose levels (pre-diabetes). In parallel with the
reduction of insulin sensitivity, the function and number of
insulin-producing β-cells deteriorate progressively in most,
but not all, insulin-resistant individuals, and it is this deterio-
ration of insulin secretion and the loss of β-cells that ultimate-
ly cause the decompensation of glucose homeostasis.

The molecular mechanisms that link obesity, insulin resis-
tance and β-cell loss have been intensely investigated during
the last decades. It was hoped that further insight into these
mechanismswould lead to novel therapeutic strategies and tar-
gets. A key question is the mechanism of β-cell apoptosis.
Threedistinctscenarioshavebeenproposed(Chadtetal. 2014):

(1) The Blipid overflow hypothesis^ postulates that obesity
results in increased ectopic lipid stores, and that harmful
lipid metabolites (Blipotoxicity^) in combination with
elevated glucose levels (Bglucotoxicity^) exert cytotoxic
effects in the liver andβ-cells and play a major role in the

impaired function, survival and regeneration of β-cells
(Poitout and Robertson 2008; Kluth et al. 2011).

(2) The Badipokine hypothesis^ is based on the finding that
white adipose cells secrete cytokines with auto- and para-
crine function such as leptin, adiponectin and others. The
hypothesis postulates that expanding fat stores alter the
secretion of these endocrine factors, which results in al-
tered insulin sensitivity of target tissues (liver, muscle,
adipose tissue) and impaired insulin secretion.

(3) The Binflammation hypothesis^ postulates a major role
of inflammatory cytokines secreted by macrophages that
infiltrate adipose tissue in obesity. Consequently, adipose
tissue is in a state of chronic inflammation and is a source
of inflammatory cytokines such as TNF-α, IL-6, IL-1β
and others which may produce pathological changes in
insulin-sensitive tissues and β-cells.

With their paper published in the current issue of Naunyn-
Schmiedeberg’s Archives of Pharmacology, Börchers et al.
2017 support the inflammation hypothesis and provide impor-
tant insight into the mechanism of cytokine-induced apoptosis
of β-cells. Specifically, the study investigated the role of the
dual leucine zipper kinase (DLK) in TNF-α-induced apopto-
sis of HIT cells. HIT cells synthesize and secrete insulin in
response to a glucose stimulus and therefore represent the
experimental model that comes closest to pancreatic β-cells.
The group has previously shown that DLK is expressed in
HIT cells as well as in the primary murine islets of
Langerhans (Oetjen et al. 2006), and that its overexpression
or activation induces apoptosis of HIT cells (Plaumann et al.
2008). Here, the authors show that TNF-α stimulates DLK
activity and, as expected, apoptosis in HIT cells. Furthermore,
TNF-α reduces CREB-directed gene expression which is con-
sidered essential for function and survival of β-cells (Oetjen
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et al. 1994; Shin et al. 2014). Reduction of DLK expression by
siRNA attenuated the effects, supporting the notion of a causal
relationship between DLK activity and apoptosis. Of note, the
JNK kinase inhibitor SP600125 also reduced the effects of
TNF-α, suggesting that DLK activation by TNF-α was de-
pendent on JNK kinase.

The second inflammatory cytokine tested in the study, IL-
1β, failed to stimulate DLK and to induce apoptosis. This find-
ing was unexpected, since IL-1βwas believed to play a major
role inβ-cell loss inboth type1 and type2diabetes. Thegroups
ofDonath andMaedler proposed that IL-1β is released fromβ-
cells in response tohyperglycemia (Maedler andDonath2004).
It should be noted that contradicting results have been obtained
by others (Welsh et al. 2005; Elouil et al. 2005).

Based on their data, Börchers et al. 2017 suggest that inhi-
bition of DLK could be a promising strategy for the preven-
tion of type 2 diabetes. However, there are few limitations of
the study which require further experiments, before a search
for specific inhibitors of DLK is initiated: Firstly, the data
were obtained solely by in vitro studies and need confirmation
by in vivo experiments in mammals, preferably diabetic
mouse models. Secondly, the experimental model employed
by Börchers et al. 2017 is a tumor cell line. Consequently, it
cannot fully be excluded that induction of apoptosis is regu-
lated differently in primary β-cells and that DLK plays a mi-
nor role. Furthermore, it is debatable that TNF-α plays a ma-
jor role in the pathogenesis of type 2 diabetes, since agents
antagonizing TNF-α appear to lack antidiabetic efficacy
(Dominguez et al. 2005; Martínez-Abundis et al. 2007).

In summary, the data by Börchers et al. 2017 demonstrate
an important role of DLK in the pathogenesis of type 2 dia-
betes and elucidate a signaling pathway with the players DLK,
JNK and CREB which appears to be critical for β-cell surviv-
al and apoptosis. The data represent an important contribution
to our understanding of the pathogenesis of diabetes and have
identified a potential target for the prevention of type 2 diabe-
tes which should further be explored.
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