
 ‘Target of rapamycin’ (TOR) is an evolutionarily-conserved controller of cellular metabolic activities in response to the availably of nutrients. In yeast, 
when nutrients are not available, TOR controls the induction of stress responses. It does so by altering the cellular localization of transcription factors 
which turn on stress response genes. In higher organisms, exposure to cell stress, such as starvation, inflammation or infection, can causes cells to 
commit suicide (apoptosis). In humans, defective control of apoptosis leads to developmental abnormalities, chronic infections, inflammatory diseases 
and the development of cancer. This work defines a conserved mechanism by which mammalian TOR (mTOR) controls stress responses in humans (i.e., 
apoptosis). As in yeast, mTOR controls the expression of genes involved in apoptosis, by altering the cellular localization of STAT1, a transcription factor. 
Through its control of STAT1, mTOR controls the induction of apoptosis in response to cell stressors, such as microbial products and inflammatory 
mediators. This work identifies a conserved link between cellular metabolism and the control of apoptosis. In addition, they suggest that mTOR control 
of STAT1 may represent a therapeutic target for the modulation of apoptosis for treatment of disease.  
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• TOR, is a regulator of cell growth and division in response to nutrients. In starved or otherwise stressed cells, 
TOR controls  stress responses in part  by regulating the expression of genes.  
 

• In yeast, TOR prevents the expression of stress response genes by blocking Gln3 from entering the nucleus 
(1).  It does so by preventing the nuclear import of Gln3 by Srp1p (2). 
 

• Previous work in human cells identified a link between mTOR and STAT1, which controls the expression of 
genes involved in human stress responses, such as  suicide (apoptosis) (3). 
 

• As in yeast, mTOR prevents the expression of apoptosis genes by preventing STAT1 from entering the nucleus 
(4), by interfering with its nuclear import by KPNA1 (5). (Figure 1) 
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Figure 1: Comparison of TOR regulation of stress response genes in and yeast and humans.  (Left) In yeast, when nutrients are 
available, TOR prevents nuclear import of Gln3, by blocking its association with Srp1p. When the cell is stressed, TOR is no 
longer able to prevent the nuclear import of Gln3. (Right) In humans, mTOR  blocks the nuclear import of STAT1 by KPNA1 when 
nutrients are present. When the cell is exposed to stress or mTOR inhibitors, KPNA1 can import STAT1 into the nucleus. 
Homologous proteins are indicated by color (4,5). 

• mTOR prevents cell suicide (apoptosis) in response to stress through control of STAT1 nuclear import by 
KPNA1. 
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Figure 2. Inhibition of mTOR induces apoptosis in STAT1- and KPNA1-dependent fashion.  A. Normal (2fTGH) or STAT1-
deficient (U3A) cells or B. U3A cells expressing recombinant STAT1 (WT) or STAT1 trafficking mutants (Y701F; constitutively 
active, L407A; dominant-negative), were incubated with in the absence or presence of the mTOR inhibitor rapamycin (Rap) 
(50ng/mL) for 24 h. Cleaved caspase-3 levels (CCasp3) in cell lysates were assessed by Western blot as a marker of apoptosis. 
Data were quantified by band densitometry (means of integrated pixel density ± SEM, n = 3 experiments). * p < 0.05 vs. control, 
ns, not significant vs. control. Data are taken from (5).  

Figure 3. Inhibition of mTOR enhances apoptosis induced by cell stressors in a STAT1- and KPNA1-dependent fashion. A. 2fTGH 
or U3A cells were incubated without or with LPS/IFN-β (5 μg/ml/ 250U/ml) in the absence or presence of rapamycin, 50 ng/ml, 
for 24 hours before generation of cell lysates and detection of the indicated proteins by Western blot analysis.  B. Lung epithelial 
cells  transfected with scrambled control (Scr) or anti-KPNA1 (KPNA1) siRNA 48 h before  treatment as in A. Data were quantified 
by band densitometry (means of integrated pixel density ± SEM, n = 3 experiments). * p < 0.05 vs. LPS/IFN-β alone, ns, not 
significant vs. LPS/IFN-β alone. Data in A. are taken from (6), data in B. are taken from (5). 
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Conclusions 

• Inhibition of mTOR causes apoptosis in normal, but not STAT1-deficient cells, indicating that mTOR prevents 
cell suicide through regulation of STAT1. 
 

• Inhibition of mTOR did not cause apoptosis in cell expressing a STAT1 mutant incapable of binding KPNA. This 
suggests that mTOR prevents cell suicide by regulating the nuclear import of STAT1 by KPNA1.  
 

• Inhibition of mTOR enhanced the induction of apoptosis in response to cell stressors, this required both 
STAT1 and KPNA1. This indicates that through the nuclear import of STAT1 by KPNA1, mTOR prevents cells 
from committing suicide . 
 

Funded by: 

•Nuclear import of GLN3 
•Expression of stress response genes  

•Nuclear import of STAT1  
•Expression  of suicide genes 
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