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Commentary
The secret of FOXP3 downregulation in the  
inflammation condition
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Forkhead Box P3+ (FOXP3+) Regulatory T cells 
(Tregs) are essential mediators of central toler-
ance [1]. Their role in immune homeostasis is 
fundamental in restricting excessive inflamma-
tory responses, and as such, the genetic loss of 
FOXP3 and Treg function presents itself as 
chronic autoimmunity, known as Immuno-
dysregulation Polyendocrinopathy Enteropathy 
X-linked syndrome [2]. These cells can be clas-
sified into thymus-derived, natural Tregs and 
those that can be induced in the periphery 
[3-6].

T helper 17 cells (Th17) are regarded as the 
polar opposite T cell lineage to Tregs, as they 
share the common differentiation factor TGF-β 
for induced Treg cells but Th17 cells are pro-
inflammatory [7, 8]. However, Th17 polarization 
requires the presence of IL-6 [7] and the restric-
tion of FOXP3 expression. In this issue, a study 
conducted by Li’s group has provided evidence 
that in the presence of the Th17 polarization 
factors TGF-β and IL-6, FOXP3 can be downreg-
ulated at the posttranslational level through 
degradation [9]. Thus, during Th17 differentia-
tion, FOXP3 expression may be controlled at 
both the gene and protein levels in order to aug-
ment Th17 skewing.

The authors constructed a FOXP3-expressing T 
cell line (under an ubiquitin promoter) to distin-
guish the effects of IL-6 and TGF-β signals on 
FOXP3 protein expression rather than its tran-
scriptional silencing. The authors found that 
only IL-6 plus TGF-β treatment, but neither IL-6 
nor TGF-β alone could specifically promote the 

downregulation of FOXP3 protein, independent 
of its transcriptional regulation. This is not 
strange that TGF-β alone will not affect FOXP3 
expression since it induces and promotes 
FOXP3 expression [10]. Unlike nTregs isolated 
from animal where IL-6 treatment alone did 
convert FOXP3+ cells to become Th17 cells and 
induce FOXP3 downregulation [11, 12], FOXP3-
expressing T cell line did not result in similar 
FOXP3 downregulation although authors did 
not study Th17 conversion in the current study. 
It is likely that nTregs express endogenous 
TGF-β whereas FOXP3-expressing T cell line did 
not.

Additionally, this study also demonstrated that 
IL-6 plus TGF-β co-treatment also negatively 
regulated the gene transcription of FOXP3. This 
suggests that Th17 skewing signals can nega-
tively regulate FOXP3 expression at both the 
transcriptional and posttranslational levels. 
Moreover, the authors found that only the co-
treatment of IL-6 plus TGF-β promoted the cell 
surface expression of the IL-6 receptor alpha 
subunit, and the activation of its downstream 
signal pathway as measured by phosphorylated 
STAT3. However, neither TGF-β nor IL-6 alone 
could mediate this effect. The significance of 
this finding is unclear since T cells including 
Treg cells express higher levels of IL-6 recep-
tors. Indeed, downregulation of IL-6R expres-
sion on Tregs corrects to their stability [13]. 
Lastly, the authors showed that the downregu-
lation of FOXP3 protein by IL-6 plus TGF-β co-
treatment could be prevented by the well-
known proteasome inhibitor MG-132, which 
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suggests that FOXP3 protein is targeted to the 
ubiquitin-proteasome-dependent pathway in 
this process.

This study addresses an important and timely 
issue, namely the mechanisms that control 
Treg stability and the expression of FOXP3 dur-
ing inflammation. It is likely that this mecha-
nism of action increases the downregulation of 
FOXP3 during Th17 differentiation. Some stud-
ies have suggested that FOXP3 expression is 
lost to allow for the conversion of Tregs into  
Teff cells [11, 12, 14, 15]. However, whether 
this mechanism is involved in the loss of sup-
pressive Treg function during inflammation, by 
inducing the decrease of FOXP3 protein expres-
sion, remains to be further resolved.
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