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The effects of methylglyoxal, a metabolite derived from glycolysis, on metabolic
responses of adipocytes
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Adipocytes play a crucial role in the regulation of systemic energy homeostasis by
responding to hormones such as insulin and catecholamines which activate metabolic
signaling pathways to induce either glucose uptake or free fatty acid (FFA) release,
respectively. While hormones play a large role in dictating these adipocyte metabolic
processes, it 1is becoming apparent that certain metabolites like adenosine
monophosphate also trigger signaling cascades that influence metabolism.
Methylglyoxal (MG), a metabolite derived from glycolysis, has been implicated in the
impairment of systemic glucose and lipid homeostasis. However, the effects of MG on
adipocyte metabolic signaling and subsequent functions remain unclear. Therefore,
focusing first on the fundamental adipocyte metabolic responses to hormones—glucose
uptake and FFA release, this research aimed to elucidate if MG affects adipocyte
functions via their respective metabolic signaling pathways. The content of this thesis is
divided into two chapters and summarized as follows.

Chapter 1: The effect of MG on insulin-stimulated glucose uptake in adipocytes

Insulin-stimulated glucose uptake is a physiological response of the insulin signaling
pathway where insulin receptor substrate (IRS)-1 is the primary mediator. MG-treated
adipocytes show significantly inhibited insulin-stimulated glucose uptake, and the
insulin-induced IRS-1 tyrosine phosphorylation which is necessary for its activation
was found to be significantly reduced. IRS-1 is negatively regulated by serine
phosphorylation via the negative feedback loop of the insulin signaling pathway which
is regulated by mammalian target of rapamycin complex (mMTORC)-1. MG was found to
induce serine phosphorylation on IRS-1 through mTORCI; and the inhibition of
mTORCI1 recovered insulin-induced IRS-1 tyrosine phosphorylation and glucose
consumption in MG-treated adipocytes. Although Akt is the nodal point between
insulin receptor and mTORCI1 signaling, inhibition of Akt had no effect on MG-
induced mTORCI1 signaling, suggesting that MG activated mTORCI1 independently of
the insulin signaling pathway. Instead, MG was found to increase inflammatory gene
expression via the activation of transforming growth factor-p-activated kinase (TAK)-1,
which activates the stress-activated protein kinases (SAPKs), p38 and c-Jun N-terminal
kinase (JNK). Among them, only p38 inhibition neutralized MG-induced mTORC1
activation. Altogether, these results indicate that MG negatively affects insulin-
signaling and subsequent glucose consumption in adipocytes via TAK1-p38—mTORCI1




signaling.

Chapter 2: The effect of MG on isoproterenol-induced FFA release and Ucpl
expression in adipocytes

Catecholamine-induced FFA release in adipocytes is mediated by the protein kinase A
(PKA) pathway which activates multiple lipolytic proteins upon the binding of
catecholamine to B-adrenergic receptors (ARs). Stimulation of MG-treated adipocytes
with the B-AR agonist, isoproterenol (iso), did not significantly affect the iso-induced
phosphorylation of PKA-activated proteins as well as subsequent FFA and glycerol
release, suggesting that MG has no effect on iso-induced adipocyte lipolysis. Apart
from lipolysis, PKA signaling also contributes to adipocyte thermogenesis which is
conferred by increased expression of uncoupling protein 1 (UCPl) upon B-AR
activation. MG-treatment significantly reduced the iso-induced expression of Ucpl
without affecting other thermogenic gene markers, confirming that MG suppressed iso-
induced Ucpl expression independently of PKA. Inflammation has been reported to
downregulate Ucpl expression, and among the SAPKs activated by MG, MG was
found to suppress iso-stimulated Ucpl expression via JNK. Altogether, these findings
elucidate MG as a metabolite which is capable of modulating adipocyte Ucpl
expression via JNK.

Conclusion

This study aimed on elucidating the effects of the MG on adipocyte function.
Adipocytes play a huge role in systemic glucose and lipid metabolism, and these
metabolic processes are regulated by hormones, which activate metabolic signaling
pathways such as the insulin and PKA signaling pathways.

The results showed that the metabolite, MG, contributes to adipocyte metabolic
dysfunction by activating SAPKSs signaling to cause insulin resistance and thermogenic
impairment by inhibiting Ucpl expression. These adipocyte metabolic dysfunctions
caused by MG may contribute towards the pathophysiology of diabetes and obesity.
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