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Short-circuiting regulatory T-cell proliferation
during chronic infection
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In a recent publication in The Journal of
Clinical Investigation,1 Barnaba et al. show

the ability of the programmed death 1 (PD-1)
pathway to limit Foxp3+ regulatory T-cell
proliferation in the liver during hepatitis C
virus (HCV) infection. As Foxp3+ regulatory
T cells have the capacity to reduce the activity
of effector T cells and HCV develops into a
persistent infection, the PD-1 pathway may
represent a critical bypass mechanism that
has evolved to limit the activity of regulatory
T cells during chronic infection.

The proposed mechanism relies on redu-
cing the benefit Foxp3+ regulatory T cells gain
from IL-2 produced by effector T cells.
Foxp3+ regulatory T cells have a high level
of dependence on the IL-2 pathway, for both
thymic commitment2 and peripheral fitness.3

By expressing the transcription factor, Foxp3,
regulatory T cells become hypersensitive to
IL-2, allowing increased competitive fitness in
the presence of limiting amounts of IL-2. This
hypersensitivity is achieved by the activity of
Foxp3 in maintaining high levels of CD25,
the high-affinity receptor for IL-2.4 Further-
more, Foxp3 increases the signalling capacity
of CD25 through STAT5 by driving the
expression of miR-155 and, in turn, reducing
the negative regulator of STAT5, SOCS1.5

IL-2 also drives a positive feedback loop, as
IL-2 signalling in turn increases the expres-
sion of Foxp36 (Figure 1a).

As Foxp3+ regulatory T cells are unable to
express IL-2, they depend on the IL-2 produced
by effector T cells during an immune response.
This network of interdependency provides

a complete negative feedback loop (Figure 2a).
In this case, activation of effector T cells
promotes the expression of IL-2, which drives
both the effector response to clear the infection
and the Foxp3+ regulatory T-cell response to
control the effector T cells. After subsidence of
the immune response, IL-2 once again becomes

limiting and effector T cells become sensitive
again to further infection. However, this nega-
tive feedback loop becomes problematic during
chronic infections, such as HCV. In this con-
text, the effector T cells would silence them-
selves through activation of regulatory T cells
before eradicating the infectious source.
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Figure 1 Short-circuiting of the IL-2 signalling pathway by PD-1. (a) Under normal conditions, Foxp3
and IL-2 signalling constitute a positive feedback loop, with Foxp3 increasing sensitivity to IL-2,

through upregulation of CD25 and downregulation of SOCS1 through miR-155, and IL-2 enhancing

levels of Foxp3 and increasing the fitness of the cell. (b) The presence of PD-L1 short-circuits this

positive feedback loop by inhibiting phosphorylation of STAT5 through SHP1, thereby reducing the

capacity of IL-2 to increase the fitness of Foxp3+ T cells.
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Franceschini et al. provide an elegant solution
to the chronic infection dilemma. They show
that the IL-2 signalling network within reg-
ulatory T cells is more complex than pre-
viously anticipated. Similar to exhausted
effector T cells during chronic infection,
Franceschini et al. show that Foxp3+ regula-
tory T cells in HCV-infected patients express
high levels of the inhibitory CD28 family
member, PD-1. PD-1 expression in effector
T cells is associated with chronic antigen
exposure, and has been shown earlier to be
expressed at lower levels in Foxp3+ regulatory
T cells.7 Ligands for PD-1, present in the
liver, are able to bind to PD-1 on Foxp3+

regulatory T cells.1 On engagement, the
intracellular domain of PD-1 associates with
SHP1, a protein tyrosine phosphatase that
can dephosphorylate STAT5 in vitro.8,9 As
a consequence, PD-1 engagement dampens
down-signalling through the IL-2 receptor
(Figure 1b). In doing so, PD-1 decouples
the fitness of regulatory T cells with IL-2
availability, by reducing the extent of tran-
scriptional change that normally occurs on
IL-2 binding. It is expected that this result
allows effector T cells to maintain a chronic
level of activation without promoting the
regulatory T-cell silencing pathway, in effect
breaking the negative feedback loop by short-
circuiting the IL-2 sensitivity of Foxp3+ T
cells (Figure 2b). The downside of this
response is evident—patients with reduced

Foxp3+ T-cell proliferation in the liver
showed lower viral titers but increased liver
autoimmunity.1

These results bring up the further question
of how the PD-1 pathway is enhanced during
chronic infection. Obviously, consistent sti-
mulation through the PD-1 pathway would
render Foxp3+ regulatory T cells impotent
and would be detrimental in the termination
of the acute infection response, suggesting
that this pathway is only activated under
chronic conditions. Indeed, Barnaba et al.
show that PD-1 expression is upregulated
selectively on intrahepatic regulatory T cells
in patients with chronic HCV infection.1

What remains to be determined is the med-
iator by which chronic infection drives upre-
gulation of PD-1 on regulatory T cells, or,
perhaps, translocation of internal stores of
PD-1 to the cell surface.7 One intriguing
possibility is that increased PD-1 expression
is a function of strong IL-2 signalling.1 In this
case, the very duration of the immune
response may be the driving force in reducing
the effectiveness of regulatory T cells and
prolonging the immune response further.
One potentially interesting scenario would
be a cyclical response in Foxp3+ regulatory
T cells where strong IL-2 signalling leads to
increased PD-1 expression, leading to
reduced IL-2 signalling and hence reduced
PD-1 expression, once again allowing strong
IL-2 signalling. Whether this hypothetical

cycle occurs in patients, and is responsible for
fluctuations between autoimmunity and viral
proliferation, is unknown.
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Figure 2 Breaking a negative feedback loop. (a) Under normal conditions, an infectious stimulus promotes the activation of effector T cells. By driving IL-2

expression, effector T cells are able to proliferate and clear the infection. Concurrently, IL-2 will drive the expansion of regulatory T cells, which block further
activation of effector T cells, making the immune response self-limiting. (b) During a chronic infection, in which effector T cells are incapable of clearing the

stimulus, the negative feedback loop can be broken by the activation of the PD-1 pathway, thus reducing the proliferation of regulatory T cells and allowing

continuation of the effector T-cell response.
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