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T cell metabolism in obesity and beyond:
comments on ‘DsbA-L deficiency in T cells
promotes diet-induced thermogenesis
through suppressing IFN-c production’
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T cells have long been known as the
core of adaptive immunity and play piv-
otal roles in host defense (Zhu et al.,
2010). There are two main types of
T cells in our body, cytotoxic T cells
(CD8

þ) and helper T (Th) cells (CD4
þ),

the latter comprised of Th1, Th2, Th17,
and Treg subsets. Increasing evidence
supports that metabolic reprogramming
of T cells leads to dramatic changes in
tissue microenvironments, which may al-
ter whole-body energy homeostasis and
metabolism, beyond their roles in adap-
tive immunity (Varanasi et al., 2020).

Obesity is accompanied by low-grade
chronic inflammation in adipose tissue,
where pro-inflammatory Th1 and CD8

þ T
cells gradually overweigh the anti-
inflammatory Th2 and Treg cells. Evidence
accumulated over the past decade
strongly suggests that pro-inflammatory T
cells play a major contributing role in ac-
celerating adipose inflammation and insu-
lin resistance. More recently, increasing
studies have uncovered a potential role of
T cells in regulating energy homeostasis.
Enhancing sympathetic tone greatly
increases Treg cells in brown adipose

tissue (BAT) and inguinal adipose tissue
(iWAT), whereas Treg cell ablation signifi-
cantly impairs BAT thermogenic capacity
(Kalin et al., 2017). Treg cell-induced BAT
thermogenesis is also found to be pro-
moted by IL-17-producing cd T cells
(Kohlgruber et al., 2018). However, beige
fat development, which is critical for ther-
mogenesis in iWAT, is inhibited by CD8

þ

T cell-mediated IFN-c secretion (Moysidou
et al., 2018). Despite these studies, the
roles and mechanisms of fat-resident
T cells in the regulation of adipose tissue
function and energy expenditure remain
largely unclear.

Zhou et al. (2021) recently showed
that mimicking high-fat diet (HFD) feed-
ing by b3 adrenergic receptor stimula-
tion decreased the expression of the
mitochondrial-localized chaperone pro-
tein disulfide bond A oxidoreductase-
like protein (DsbA-L) in T cells. T cell-
specific knockout of DsbA-L significantly
impaired T cell mitochondrial function
but promoted diet-induced thermogene-
sis in BAT, which was accompanied with
reduced HFD-induced obesity, alleviated
hepatosteatosis, and improved insulin
resistance in mice. They further showed
that DsbA-L deficiency in T cells reduced
IFN-c production, concurrently with en-
hanced BAT thermogenesis by increas-
ing cyclic adenosine monophosphate
(cAMP)–protein kinase A (PKA) signaling.
These results identify T cells as a key

regulator of BAT function and provide
new insights into the mechanism by
which adipose-resident T cells communi-
cate with neighboring brown adipocytes
to regulate BAT thermogenesis and
whole-body energy homeostasis.

How DsbA-L deficiency inhibits IFN-c
production in BAT? T cell differentiation
and function are orchestrated by optimal
mitochondrial metabolism. In this study,
Zhou et al. (2021) demonstrated that
DsbA-L deficiency in T cells reduces oxy-
gen consumption rates, an indicator of mi-
tochondrial oxidative phosphorylation, in
both CD4

þ and CD8
þ T cells. They also

found that T cell mitochondrial DNA con-
tent, adenosine triphosphate production,
mitochondrial fusion, and mitochondrial
calcium levels are all decreased upon
T cell receptor stimulation. These results
further demonstrate that DsbA-L defi-
ciency decreases T cell mitochondrial res-
piration. Interestingly, changes in
mitochondrial respiration have been sug-
gested as a key cellular mechanism regu-
lating T cytokine production (Tsai et al.,
2018). Indeed, components of the elec-
tron transport chain complex have been
found to play distinct roles in regulating
T cell polarization and cytokine production
(Bailis et al., 2019). Therefore, DsbA-L de-
ficiency may reprogram T cells via a
mitochondria-dependent mechanism,
which could be tested by restoring mito-
chondrial function via genetic or
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pharmacological approaches in T cell-
specific DsbA-L knockout mice.

The mechanisms by which T cells
adopt different metabolic programs
within different non-lymphoid tissues re-
main largely unknown. It is suggested
that T cells in different tissues may be
shaped by a tissue-specific microenvi-
ronment (Varanasi et al., 2020).
Consistent with this, overnutrition had
distinct effects on T cell mitochondrial
function in mouse BAT and iWAT, with
the mitochondrial function of BAT-
resident T cells more significantly im-
paired than that of iWAT-resident T cells

(Zhou et al., 2021). In addition, DsbA-L
ablation in T cells led to a greater de-
crease of IFN-c-producing Th1 and CD8

þ

T cells in BAT compared with that in
iWAT. To be noted, no obvious changes
in IFN-c levels were observed in T cells
from the spleen, reflecting a crucial role
of metabolic milieu in T cell function
(Zhou et al., 2021). A possible explana-
tion for the tissue-specific effect on IFN-
c production is that BAT displays more
sympathetic innervation compared to
iWAT, thus taking the advantage of trans-
mitting diet-induced signals to regulate
BAT thermogenic capacity (Vaughan

et al., 2014). Moreover, we found that
uncoupling protein 1 (UCP1) expression
is elevated in BAT but decreased in iWAT
after HFD feeding, further suggesting a
difference in metabolic milieu between
BAT and iWAT upon HFD feeding. The
findings by Zhou et al. (2021) expand
the view on how different metabolic cli-
mates imprint T cells in different adipose
tissues and how the reprogramming
coordinates tissue function.

In addition to adipose tissue, T cells
are widely distributed in other non-
lymphoid tissues including liver, gut,
and lung (Figure 1). However, the
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Figure 1 T cell metabolism and function in a cell-intrinsic, tissue-specific, and system-orchestrated manner. DsbA-L, a mitochondrial local-
ized protein, is essential for T cell mitochondrial respiration. HFD feeding decreases DsbA-L expression in adipose-resident T cells. T cell-
specific DsbA-L knockout protects mice from HFD-induced obesity, alleviates hepatosteatosis, and improves insulin resistance due to en-
hance diet-induced thermogenesis. Mechanically, DsbA-L deficiency reduces IFN-c-producing Th1 and CD8

þ T cells in BAT, leading to ele-
vated cAMP/PKA signaling in brown adipocytes and consequently increased UCP1 expression. Beyond adipose tissues, it is predictable
that different microenvironment factors would also instruct T cell reprogramming and the specific function in distinct tissues. Overall, T cell
homeostasis is firstly regulated by cellular metabolic pathways and then undergo tissue-specific metabolic reprogramming and adaption,
ultimately orchestrated to regulate global state in health and diseases. IFN-cR, IFN-c receptor. T cells in red: pro-inflammatory T cells; T
cells in green: anti-inflammatory T cells.
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mechanisms regulating the tissue-
specific metabolic adaption of T cells
under specific metabolic climate in
health and diseases remain largely un-
known. Importantly, the gut-derived
microbiota establishes immune zona-
tion in the liver, forming an effective,
spatially organized protective barrier
against incoming blood-borne threats
(Gola et al., 2021). Such zonation can
also be found in the gut, where differ-
ent segments are occupied by different
ecologies of gut microbiota, dietary
stimuli, and metabolites (Mowat and
Agace, 2014). Since IFN-c is a major
effector cytokine in pathogen clear-
ance, it is of interest to determine
whether DsbA-L deficiency in T cells
would affect liver and gut immune
zonation and function. In addition,
T cells play a critical role in antiviral
immunity, but they appear functionally
exhausted and their numbers are re-
duced significantly in COVID-19

patients (Diao et al., 2020). As mito-
chondrial dysfunction is a hallmark of
effector T cell exhaustion, it would be
worth determining whether DsbA-L defi-
ciency contributes to T cell exhaustion
in the lung. T cell exhaustion also
occurs in tumor tissues, where Treg
cells overwhelm effector T cells due to
abundant lactate exposure. Since mito-
chondrial respiration is critical for lac-
tate utilization, exploring whether
mitochondrial reprogramming induced

by DsbA-L deficiency contributes to ef-
fector T cell exhaustion or Treg cell
persistency in tumors would be an in-
teresting subject for further investiga-
tions. Lastly, with an appreciation to
assess the spatiotemporal profiles of
genes involved in T cell metabolism,
one could anticipate identifying more in-
trinsic and extrinsic factors to modulate
T cell function in health and diseases.

In closing, mitochondrial metabolism
plays a critical role in coordinating T cell
adaptation within different tissues.
Targeting T cell adaptation and function
in a tissue-specific manner would not
only shed new light on the development
of novel therapeutic treatment for obe-
sity, but also contribute to better under-
standing of the mechanisms modulating
liver disease, gut inflammation, virus
clearance, as well as tumor therapy.
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