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D4 T-cell responses to gut microbiota are crucial in
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Q7
regulating
intestinal inﬂammation. Whereas T
8
helper
(Th)1
and
Th17
cells reactive to gut microbiota are
9
central to the pathogenesis of inﬂammatory bowel disease
10
(IBD), regulatory T cells (Treg) inhibit it. CD4 T-cell meta11
bolism is highly dynamic. T-cell activation demands
12
biosynthetic precursors and adequate energy for effector
13
function.1 Metabolic reprogramming of T effector cells and
14
Treg cells leads to distinct metabolic programs. If activated
15
T cells fail to induce appropriate metabolic pathways,
16
effector function and the ability to induce or inhibit in17
ﬂammatory disease are impaired.2
18
Pyruvate metabolism is one critical regulatory point in
19
glucose metabolism that tips T cells’ glycolytic or oxidative
20
roles. The mitochondrial pyruvate dehydrogenase complex
21
converts pyruvate to acetyl-CoA, which is further oxidized to
22
the tricarboxylic acid cycle. In mitochondria, the tricarbox23
ylic acid cycle uses various substrates to generate reducing
24
equivalents, leading to ATP generation through OXPHOS.
25
Pyruvate dehydrogenase complex activity is negatively
26
regulated by pyruvate dehydrogenase kinases (PDK), which
27
consist of 4 different isoforms of (PDK1–4).3 A small
28
molecule that inhibits PDKs 1-4 activity, dichloroacetate, has
29
been approved by the Food and Drug Administration for the
30
preclinical investigation of several types of cancers.4 How31
ever, how PDK regulates CD4 T-cell induction of intestinal
32
inﬂammation and IBD is still unclear.
33
A study by Lee et al5 in this issue of Cellular and Molecular
34
Gastroenterology and Hepatology demonstrated nicely that
35
PDK4 in CD4 T cells promotes colitis development by meta36
bolic and calcium signaling modulation. Previous works from
37
the same group and others have shown that aberrant expres38
sion of PDKs has been positively associated with various dis39
eases, including obesity, diabetes, and cancer. To determine
40
whether PDK4 affects the pathogenesis of IBD, Lee et al5
41
assessed PDK4 expression in inﬂamed intestinal tissues of
42
the dextran sulfate sodium (DSS)-induced colitis model and
43
patients with IBD. PDK4 expression was increased in lamina
44
propria CD4þ T cells but not in intestinal epithelial cells. To
45
investigate whether the increased PDK4 in T cells plays a role
46
in the pathogenesis of colitis, Lee et al5 induced colitis in wild47
type and germline PDK4 knockout (KO) mice using DSS and
48
found that PDK4 KO mice developed less severe colitis with
49
fewer Th1 and Th17 cells but more Treg cells in lamina propria
50
than wild-type mice on DSS insults. Interestingly, CD4-speciﬁc
51
PDK4 KO (PDK4CD4) mice but not intestinal epithelial
52
cell–speciﬁc PDK4 KO (PDK4villin) recapitulated the phenotype
53
of germline PDK4 KO mice on DSS insults, demonstrating that
54
PDK4 in T cells, other than intestinal epithelial cells, promotes
55
intestinal inﬂammation. Furthermore, Lee et al5 transferred
56
wild-type or PDK4 KO CD4þ CD45RBhi T cells into Rag1-/57
mice, a well-established T cell–induced chronic colitis model,
58
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64
and found that PDK4 KO T cells induced much less severe 65
colitis in Rag1-/- recipient mice, conﬁrming the role of PDK4 in 66
the regulation of T-cell induction of colitis.
67
As Th1 and Th17 cells induce colitis and Treg cells 68
inhibit it, Lee et al5 found that PDK4 deﬁciency inhibited T- 69
cell activation and Th17 cell differentiation but increased 70
Treg cells. However, PDK4 deﬁciency did not affect Th1 cell 71
development. Mechanistically, PDK4 deﬁciency resulted in 72
impaired calcium homeostasis and metabolic reprogram- 73
ming in CD4 T cells through the disrupted mitochondria- 74
associated membrane, leading to altered CD4 T-cell 75
expression of glycolytic genes and mTOR signaling path- 76
ways, which have been implicated in Th17 and Treg dif- 77
ferentiation and function. Finally, Lee et al5 demonstrated 78
that GM-10395, a small molecule speciﬁcally inhibiting 79
PDK4 they synthesized, prevented DSS colitis, providing a 80
translational potential for targeting PDK4 in treating IBD.
81
The study by Lee et al5 thus provides novel insights into 82
the mechanism of PDK4-regulated T-cell metabolism in the 83
pathogenesis of colitis. As with all exciting studies, it also 84
raises many questions. The most intriguing question is how 85
PDK4-mediated metabolism regulates Th17 and Treg differ- 86
entiation and whether the decreased T-cell activation in 87
PDK4-deﬁcient CD4 T cells is associated with lower Th17 cell 88
and higher Treg cell differentiation; and if so, how. Transla- 89
tionally, although Lee et al5 showed nicely that PDK4 inhibi- 90
tor GM-10395 prevents DSS colitis, more efforts are needed 91
to demonstrate whether it can treat colitis, especially chronic 92
colitis. Understanding those questions will provide novel in- 93
sights into the understanding of metabolic regulation of in- 94
testinal homeostasis and the pathogenesis of IBD, thus 95
offering novel therapeutic targets for the treatment of IBD.
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