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Highlight

Sin1–mTORC2 signaling drives glycolysis
of developing thymocytes

Emerging studies highlight the import-

ance of metabolic reprogramming in T cell

development and function, although how

these processes are regulated remains

to be fully understood. Recent advances

in dissecting the roles of Sin1–mTORC2

signaling in early thymocyte development

provide new insight into the dynamic

interplay between immune signaling and

cell metabolism, as well as the crucial role

in directing thymocyte proliferation and

development.

T cell metabolism is shaped by immune

signals (antigens and co-stimulatory fac-

tors) and diverse environmental cues,

including cytokines, growth factors, hor-

mones, and nutrients (Zeng and Chi,

2013; Buck et al., 2015). Specific meta-

bolic programs are tightly controlled in

different stages of thymocyte develop-

ment. Glycolysis is augmented by NOTCH

and other signals during thymocyte

development at the double-negative

(DN) to double-positive (DP) transi-

tional stage, whereas oxidative phos-

phorylation (OXPHOS) is active in other

stages such as the quiescent DP cells

(Ciofani and Zuniga-Pflucker, 2005;

Yang et al., 2018). How the metabolic

switch is dynamically regulated in T cell

development remains poorly defined.

The mammalian target of rapamycin

(mTOR) integrates environmental cues by

functioning via two distinct complexes,

mTOR complex 1 (mTORC1) and mTORC2

(Su and Jacinto, 2011). Both mTOR com-

plexes play important roles in the meta-

bolic control of T cell development. Loss

of the mTORC1 signature component Raptor

impairs the development of αβ T cells while
promoting γδ T cells (Yang et al., 2018).

The role of mTORC2 in thymocyte devel-

opment has been studied using Rictor-

deficient mice (Lee et al., 2012; Tang

et al., 2012; Chou et al., 2014), but the

molecular mechanism and metabolic

pathways underlying mTORC2 signaling

remain uncertain.

Ouyang et al. (2019) reveal a crucial

role of mTORC2 in the regulation of glyco-

lytic metabolism in early thymocyte devel-

opment. The authors found that Sin1, an

important component of mTORC2, pro-

motes the proliferation of DN thymo-

cytes in an mTORC2-dependant manner.

Cre-mediated deletion of Sin1 via indu-

cible ER-Cre or Lck-Cre system in mice

results in altered development of DN

subpopulations and a profound loss of

DP and single-positive (SP) thymocytes.

Using elegant bone marrow chimera sys-

tems, the authors reveal a crucial cell-

intrinsic role of Sin1 in supporting DN

thymocyte development and proliferation.

Mechanistically, Sin1 augments both gly-

colysis and OXPHOS activities of DN thy-

mocytes, with a particularly striking effect

on the expression level of PKM2, a key

rate-limiting enzyme of glycolysis by

catalyzing the transfer of phosphoenol-

pyruvate (PEP) to pyruvate. Importantly,

in vitro and in vivo treatments with a

PKM2 activator partially rescue the

developmental defects of Sin1-deficient

thymocytes, indicating a crucial role of

PKM2 in mediating Sin1–mTORC2 signal-

ing in thymocyte development (Figure 1).

Hence, Ouyang et al. (2019) establish a

key mechanism by which Sin1–mTORC2

regulates DN thymocyte metabolism and

development.

How does Sin1–mTORC2 regulate PKM2

expression? Previous studies in non-immune

cells show that insulin or IGF treatment

promotes PKM2 expression by signaling

through AKT, although the specific sig-

naling mechanisms remain poorly under-

stood (Asai et al., 2003; Salani et al.,

2015). Ouyang et al. (2019) found that

the Sin1–mTORC2–AKT signaling axis pro-

motes PKM2 expression and glycolytic meta-

bolism in DN thymocytes by facilitating

PPAR-γ nuclear translocation. Modulation of

AKT or PPAR-γ activity impacts the expres-

sion of PKM2, thereby unraveling a novel

Sin1–AKT–PPAR-γ–PKM2 pathway in the

metabolic regulation of early thymocyte

development. In addition to the defect

in glycolysis, OXPHOS-related genes are

also inhibited and OXPHOS activity is

diminished in Sin1-deficient DN thymo-

cytes, indicating that Sin1–mTORC2 signal-

ing is also required for OXPHOS (Figure 1).

Given the importance of OXPHOS in

cell growth and metabolism, it will be
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Figure 1 Schematic of the signaling path-

ways underlying Sin1–mTORC2-dependent

metabolic reprogramming of early thymo-

cyte development.
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interesting to explore whether and how

Sin1–mTORC2-regulated OXPHOS contri-

butes to early T cell development.

In summary, Ouyang et al. (2019)

have identified Sin1 as an important

regulator of the metabolism, proliferation,

and development of DN thymocytes. This

study identifies a previously unknown sig-

nal transduction cascade for signaling to

PKM2, a key metabolic regulator essential

for cell proliferation, and reveals a

physiological function of Sin1–mTORC2

in the immunometabolic regulation of

thymocyte development. Given the key

link between thymocyte development

and immune homeostasis, the conclu-

sions from the current study may pro-

vide new insight into the therapeutic

treatment of T cell lymphopenia or T cell

leukemia via modulating the metabolic

activity.

Hongbo Chi*

Department of Immunology, St. Jude Children’s

Research Hospital, Memphis, TN 38105, USA

*Correspondence to: Hongbo Chi, E-mail:

hongbo.chi@stjude.org

References
Asai, Y., Yamada, K., Watanabe, T., et al. (2003).

Insulin stimulates expression of the pyruvate

kinase M gene in 3T3-L1 adipocytes. Biosci.

Biotechnol. Biochem. 67, 1272–1277.
Buck, M.D., O’Sullivan, D., and Pearce, E.L.

(2015). T cell metabolism drives immunity. J.

Exp. Med. 212, 1345–1360.
Chou, P.C., Oh, W.J., Wu, C.C., et al. (2014).

Mammalian target of rapamycin complex 2

modulates αβTCR processing and surface

expression during thymocyte development. J.

Immunol. 193, 1162–1170.
Ciofani, M., and Zuniga-Pflucker, J.C. (2005).

Notch promotes survival of pre-T cells at the

β-selection checkpoint by regulating cellular

metabolism. Nat. Immunol. 6, 881–888.

Lee, K., Nam, K.T., Cho, S.H., et al. (2012). Vital

roles of mTOR complex 2 in Notch-driven

thymocyte differentiation and leukemia. J. Exp.

Med. 209, 713–728.
Ouyang, X., Han, Y., Qu, G., et al. (2019).

Metabolic regulation of T cell development

by Sin1–mTORC2 is mediated by pyruvate

kinase M2. J. Mol. Cell Biol. 2, 93–106.

Salani, B., Ravera, S., Amaro, A., et al. (2015).

IGF1 regulates PKM2 function through Akt

phosphorylation. Cell Cycle 14, 1559–1567.
Su, B., and Jacinto, E. (2011). Mammalian TOR

signaling to the AGC kinases. Crit. Rev.

Biochem. Mol. Biol. 46, 527–547.
Tang, F., Wu, Q., Ikenoue, T., et al. (2012). A crit-

ical role for rictor in T lymphopoiesis. J.

Immunol. 189, 1850–1857.
Yang, K., Blanco, D.B., Chen, X., et al. (2018).

Metabolic signaling directs the reciprocal lin-

eage decisions of αβ and γδ T cells. Sci.

Immunol. 3, pii: eaas9818.

Zeng, H., and Chi, H. (2013). mTOR and lympho-

cyte metabolism. Curr. Opin. Immunol. 25,

347–355.

92 j Chi


	Sin1–mTORC2 signaling drives glycolysis of developing thymocytes
	References


