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SLE is a multifactorial, heterogeneous group of disease which is 
potentially fatal and can be characterized by anti-nuclear autoantibody 
production and consequent organ, especially kidney failure [1]. Therapy 
is still restricted and limited to general immunosuppressants and 
cytotoxic drugs with many side effects. Therefore, the understanding 
of the fine molecular mechanisms of disease pathogenesis is crucial to 
develop new therapeutic approaches. The complex interaction of the 
innate dendritic cells and adaptive immune T and B cells significantly 
contribute to disease pathogenesis. Both T and B cells are hyperactive 
in SLE. T cells exhibit aberrant signaling profile upon antigen receptor 
activation and changes in proximal signaling molecules and adaptor 
proteins which together shape the pathogenic lupus T cell phenotype.  

Lupus T cells exhibit a metabolically dysregulated status, including 
persistent mitochondrial hyperpolarization (MHP) [2,3], increased 
mitochondrial mass, oxidative stress and depleted intracellular 
glutathione levels [4,5]. Lupus T cells also show increased cytoplasmic 
and mitochondrial calcium levels and signaling profile. A significant 
inducer of MHP is nitric oxide, which is produced mainly by 
monocytes in SLE. MHP leads to subsequent necrosis releasing 
necrotic material from T cells, which triggers dendritic cells and B cells. 
Closely related to MHP, T cells show altered metabolic gene expression 
signature, including the overexpression of the mitochondrial outer 
membrane protein VDAC (voltage dependent anion channel) and 
SOD2 (superoxide dismutase). Transaldolase, an enzyme of the 
pentose-phosphate pathway which is responsible for the production 
of nucleotides and maintenance of reducing environment [6] is also 
overexpressed in lupus T cells and it has been previously shown that 
overexpression of this enzyme results in MHP [7]. Consistent with 
altered metabolism, lupus T cells show enhanced activation of the 
mTOR (mammalian target of rapamycin) pathway [8]. 

mTOR is a serine threonine kinase which senses, integrates and 
transmits signals derived from nutrients, especially amino acids, 
sugars, insulin and growth factors and regulates cellular bioenergetics, 
cell division, protein production and autophagy [9]. mTOR is 
supramolecular structure which consists of mTORC1 and mTORC2. 
The mTOR inhibitor rapamycin and its receptor FKP12 selectively 
binds to mTORC1, resulting its selective inactivation, although it 
has been reported that continuous administration of rapamycin can 
inhibit mTORC2 [10]. The role of mTOR has also been implicated 
in non-autoimmune diseases, such as diabetes and cancer [9], but 
besides lupus as above, data are accumulating, that mTOR signaling 
play a very important role in both physiological and pathological T cell 
homeostasis and death. 

mTOR regulates the differentiation of CD8+ memory T cells by 
regulating the expression of the transcription factors eomesodermin 
and T-bet [11]. It is important in the generation of regulatory T 
cells [12] in the thymus via the PI3K (phosphoinositide-3-kinase)-
Akt-pathway. mTOR inhibition by rapamycin, expands Treg cells in 
autoimmune diabetes [13] to promote T cell immuntolerance. 

Tregs, similar to other autoimmune diseases, are deficient in SLE 
[14] and rapamycin has been shown to be effective for improving lupus
[15]. Lupus T cells isolated from rapamycin-treated patients showed
decreased mTOR activity and restored T cell activation induced
cytoplasmic and mitochondrial calcium-fluxing, but not MHP [15].
Furthermore, rapamycin reversed the expression of the main adaptor

proteins of T cell antigen receptor pathway and calcium signaling 
molecules, such as the Syk kinase, the Fcε receptor, the CD3 zeta chain 
and Lck [8]. 

A recent report is about mTOR activation and downstream 
signaling component HIF (hypoxia-inducible factor) 1-alpha governed 
transcriptional regulation is required for the proper differentiation of 
Th17 cells suggesting that overactivation of mTOR in these cells might 
contribute to the development and maintenance of the autoimmunity 
[16]. Following activation of the HIF1α, Th17 cells exhibit more 
active glycolytic transcriptional program than Treg cells. As in other 
autoimmune diseases, Th17 cells are over-represented in lupus [17]. 
Significant source of IL-17 in lupus are the CD3+CD4-CD8- DN 
(double negative) T cells which are infiltrating the kidney. However, 
in SLE, not much is known about the fine-metabolic tuning of IL17-
producing T cells. 

Upstream of mTOR, the TSC1 (tuberous sclerosis complex) has also 
been intensively studied recently in genetically modified mice model 
and found to be an important survival mediator of not only antigen-
activated, but also quiescent T cells [18]. When TSC1 was disrupted 
in T cells, decreased mitochondrial content and function, together 
with elevated level of reactive oxygen intermediates were found in 
these cells [19]. mTOR could also be involved in the promotion of Th1 
differentiation but parallel also the inhibition of Treg differentiation via 
the sphingosine-1 phosphate receptor [20]. Another group identified 
the Rheb GTPase as an important mTORC1 component in mediating 
Th1-Th2 commitment [21], because Rheb-deficient T cells failed to 
induce Th1-Th17 mediated experimental inflammation. In the same 
report, selective activation of mTORC2 was related to enhanced 
generation of Th2, but not Th1 cells. Collectively, the mTOR kinase 
related signaling networks have an emerging and integrating role in 
mediating T helper cell lineage specification (Th1/Th2/Th17/Treg) via 
distinct metabolic programs [20]. 

Recent research in our laboratory revealed that a previously 
discovered human endogenous retroviral element, HRES-1, implicated 
in lupus pathogenesis encodes a small GTPase, HRES-1/Rab4 which 
co-localizes with mTOR to endosomes [8]. HRES-1/Rab4 regulates the 
recycling of the CD3 zeta chain and CD4 co-receptor through early 
endosomes and thus influences the targeting of these receptors to 
lysosomal degradation in T lymphocytes. 

In summary, the dysregulation of cellular metabolism in lupus 
T cells characterized by MHP, increased mitochondrial biogenesis, 
oxidative stress, ATP depletion, and predisposition to necrosis, 
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and enhanced calcium fluxing also influences the differentiation 
into functionally distinct subsets through the activation of mTOR. 
Targeting this pathway with rapamycin has shown therapeutic efficacy 
in SLE with the possible added benefit of extending life-span in general 
[22,23].
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