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Review

Interleukin-7 Receptor Signaling Network: An Integrated Systems
Perspective

Megan J. Palmer’, Vinay S. Mahaj an’, Lily C. Trajmanz, Darrell J. Irvine"?, Douglas A.
Lauffenburger” %3 and Jianzhu Chen*?

Interleukin-7 (IL-7) is an essential cytokine for the development and homeostatic maintenance of T and B
lymphocytes. Binding of IL-7 to its cognate receptor, the IL-7 receptor (IL-7R), activates multiple pathways that
regulate lymphocyte survival, glucose uptake, proliferation and differentiation. There has been much interest in
understanding how IL-7 receptor signaling is modulated at multiple interconnected network levels. This review
examines how the strength of the signal through the IL-7 receptor is modulated in T and B cells, including the use
of shared receptor components, signaling crosstalk, shared interaction domains, feedback loops, integrated gene
regulation, multimerization and ligand competition. We discuss how these network control mechanisms could
integrate to govern the properties of IL-7R signaling in lymphocytes in health and disease. Analysis of IL-7
receptor signaling at a network level in a systematic manner will allow for a comprehensive approach to
understanding the impact of multiple signaling pathways on lymphocyte biology. Cellular & Molecular Immunology.
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Key Words: IL-7 receptor, cytokine, signaling network, systems biology, modeling

Introduction

Interleukin-7 (IL-7) is a vital cytokine for the development
and survival of T and B cells (1). IL-7 is produced primarily
by fibroblastic reticular cells in the T cell zone in lymphoid
organs (2) and binds to the IL-7 receptor complex, a
heterodimer consisting of the IL-7R alpha chain (IL-7Ra)
and the common gamma (yc) chain (3). While IL-7 shares
pro-survival and proliferative capacities with related
interleukin family members, it also plays non-redundant roles
in T and B cell development and homeostasis (1). IL-7Ra is
also expressed on dendritic cells (DCs) and monocytes,
suggesting a possible role for IL-7 in multiple hematopoietic
lineages (4). Major signaling cascades activated by the
binding of IL-7 to IL-7R include the Jak-Stat and PI3K-Akt
pathways (5). In lymphocytes, IL-7R signaling results in
survival, proliferation and differentiation, depending on the
developmental stage of the lymphocyte. In dendritic cells,
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IL-7R signaling has an immunomodulatory role, especially in
the context of thymic stromal lymphopoietin (TSLP), which
also signals through the IL-7Ra in a heterodimeric complex
with the TSLP receptor (TSLPR). Both IL-7 and IL-7Ra
knockout mice have been studied. IL-7 knockout mice are
deficient in T cells, B cells, NK cells, and NKT cells as well
as intra-epithelial lymphocytes (6). Similarly, mice lacking
IL-7Ra have a similar but more severe phenotype than 1L-7
knockout mice (7), possibly because TSLP signaling is also
abrogated in the IL-7Ra knockout mice. Binding of TSLP to
the IL-7Ra: TSLPR complex can activate at least some of the
signaling cascades normally activated by IL-7 but it also
triggers some unique signaling pathways involving the Tec
kinases (8, 9). IL-7 is considered to be present in limiting
amounts in the body and competition for IL-7 maintains
mature T cell homeostasis by limiting the size of the
surviving T cell population (10). Consequently, IL-7Ra is
under tight transcriptional control, and the cell type and
stage-specific regulation of IL-7Ra ensures optimal
utilization of limited cytokine stores. Negative feedback to
IL-7Ro transcription, triggered by IL-7R signaling, is
believed to maximize the size of the population in the
presence of limiting amounts of IL-7 (11). Conversely, other
network control mechanisms such as positive feedback loops
that amplify the IL-7R signal have also been observed. The
application of network approaches to the study of IL-7R
signaling will lead to an integrated picture of the mechanisms
contributing to this complex regulatory control.
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Figure 1. Control mechanisms in the IL-7R signaling network. A schematic diagram of the IL-7R signaling network and its connectivity
with interacting signaling networks, including TSLP, IL-15 and the TCR. Important ‘network motifs’ of signal control are labeled with circled

numbers.

In recent years, the analysis of cell signaling networks
using quantitative systems biology approaches has revealed
emergent phenomena that are not obvious based on the study
of the individual network components (12). Further, it has
yielded a molecular understanding of previously observed
phenomena at the level of the cell, such as cellular responses
occurring only over a narrow range of ligand stimulation, and

at the level of the entire organism, such as tissue homeostasis.

Of particular relevance to the biology of IL-7 are lymphocyte
differentiation checkpoints at various stages of development
and the regulation of lymphocyte population size at the level
of the organism. It is becoming increasingly clear that the
IL-7R signaling network is regulated at multiple hierarchical
levels in its signaling pathways. What is unclear is the
relative contribution of the various arms of the IL-7R
regulatory network in controlling IL-7R signaling efficacy
and the IL-7R signaling network behavior as a whole in
stimulating survival, proliferation and differentiation
throughout lymphocyte development.

In this review, we present an analysis of the IL-7R
signaling network and network behavior from an integrated
systems perspective. A scheme of the IL-7R signaling
network and its connectivity with other signaling networks in
T cells is depicted in Figure 1. We have highlighted the
occurrence of the following mechanisms of signaling control:
shared receptor components, signaling pathway crosstalk,
common interaction domains, feedback regulation, integrated
gene regulation, multimerization and ligand competition. In
subsequent figures (Figures 2-8), we will illustrate the
potential of each ‘network motif” to affect the properties of
the IL-7R signaling network including the strength and
duration of IL-7R signaling. Because the quantitative
properties of many of the system interactions are poorly
characterized at present, we employ idealized models with
assumed parameters in presenting these illustrations. We find
that the interacting network components have the potential to
affect the biology of the IL-7R signaling network in
important but non-intuitive ways. We discuss the
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Figure 2. Influence of shared receptor components on signaling.
(A) Receptor component chains shared among IL-7R, IL-15R and
TSLPR complexes. IL-7R and TSLPR share the IL-7Ra chain,
while IL-15R and IL-7R share the common yc. (B) Example of
competition between IL-7 and IL-15 for the yc, assuming limiting
levels of yc chain and that IL-7 binds with 10-fold greater affinity
than IL-15 to its respective receptor. Even at constant levels of IL-7,
the number of signaling competent IL-7:IL-7Ra complexes decreases
with increasing levels of IL-15 as IL-15:IL-15Rp sequesters
available yc.

implications of these IL-7R signaling ‘network motifs’ on
lymphocyte biology in health and disease. Since we have
used idealized models, the predictions presented in this
review are best viewed as hypothetical system properties that
will require confirmation using quantitative experimental and
analytical approaches. Model details associated with each
figure are outlined in supplementary material for interested
readers. (http://www.cmi.ustc.edu.cn/5/2/)

Shared receptor components

Several cytokine receptors are multimeric complexes made
up of two or more different component proteins, which are
often shared between multiple cytokine receptors. This can
impact the relative availability of each receptor component,
thereby limiting the extent of cytokine receptor signaling.
Common examples of shared cytokine receptor components
include sharing of the yc between the receptors for I1L-2, -4,
-7, -9, -15 and -21, the sharing of a common B chain between
the receptors for IL-3, IL-5 and GM-CSF (13), and the
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sharing of the B chain between IL-2 and IL-15 receptor
complexes (14). In the case of the IL-7R complex, both
receptor subunits are components of other receptors. As
discussed above, the yc chain is shared with five other
cytokine receptors, all of which regulate T cell growth and
differentiation. As signaling specificity through the vyc
cytokine receptors is largely controlled by expression of the
cytokine-specific o chains (as well as the  chain for IL-2
and IL-15), these subunits are kept under tight transcriptional
control throughout development. The IL-7Ra chain can also
form a heterodimeric receptor complex on binding to the
TSLPR, which is homologous to the yc chain (15). IL-7Ra
and TSLPR are co-expressed on T cells, pre-B cells and DCs
(4). The ligand for the IL-7Ro:TSLPR complex is TSLP,
which is a cytokine that is homologous to IL-7, and is
produced by cells of epithelial origin in the thymus, lung, gut
and skin (9). The presence of shared receptor components
among cytokines can result in competition for the shared
components among their respective ligands.

The association between the yc chain and IL-7Ra is
required for the generation of a functional receptor complex
and is mediated either by the binding of IL-7 or the activation
status of T cells (16). The presence of competing cytokines
can sequester IL-7 receptor components and adversely
impact the ability to form functional IL-7R signaling
complexes. For instance, IL-7 and TSLP can compete for
IL-7Ra. Similarly, IL-7 and IL-15 compete for the yc chain
(Figure 2A). One potential repercussion of shared receptor
components among cytokines is an upper limit on the total
amount of cytokine-specific signaling that a cell can receive
in response to multiple cytokines. For instance, IL-15 can
compete for the shared yc component when its expression is
limiting (17). An example of the quantitative effects of this
sharing is shown in Figure 2B, which illustrates how the
number of IL-7:IL-7R complexes may decrease on exposure
to increasing levels of IL-15 in the presence of a constant
level of IL-7. However, the net signal strength down any
given pathway may depend on the extent to which the yc
chain is complexed with IL-7Ra or IL-15RP. The use of
shared receptor components also partly helps explain the
overlap in many cytokine receptor signaling pathways. As
discussed in subsequent sections, this pleiotropy can also
lead to competition for intracellular binding partners and
downstream signaling effectors that can affect the
propagation of signals from a particular receptor when
multiple cytokines are present.

Aberrant receptor competition may be related to
pathological outcomes. For instance, atopic dermatitis and
asthma involve pathological Th2 differentiation induced by
dendritic cells primed with TSLP (18). The effects of TSLP
on T cells are largely mediated by modulating the function of
DCs (19). IL-7 can also modulate DC function. For example,
IL-7 is produced by inflamed synoviocytes in rheumatoid
arthritis and it induces cell contact-dependent Thl cytokine
production in cocultures of synovial T cells and monocytes
(20). Interestingly, skin keratinocytes have been shown to
produce both IL-7 and TSLP, especially on exposure to
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Figure 3. Influence of signaling pathway crosstalk on signaling.
(A) Signaling through the common Jak-Stat pathway downstream of
IL-7Ro and IL-15R. (B) Example of the anticipated kinetics of
StatS phosphorylation after stimulation with either IL-7 or IL-15 or
both. Here we assume equal IL-7 and IL-15 receptor numbers and
ligand concentration but that IL-7 binds to its receptor with 10-fold
greater affinity than IL-15, as well as first order Stat dephospho
rylation. In this case, the combined IL-7 and IL-15 signal gives
more rapid Stat5 phosphorylation than each of the cytokines alone,
but a less than additive level of phosphorylation due to limiting
amounts of StatS. The combined signaling would approach the
predicted additive signal upon increasing downstream Stat5 target
expression.

certain pathogens (21, 22). The competing effects of TSLP
and IL-7 on dendritic cells may therefore influence their
ability to bias Th2 cell differentiation of CD4" T cells that
they activate. Further, we speculate that the possible ability
of IL-7 to modulate the effects of TSLP by ligand
competition may open new therapeutic avenues for asthma or
atopic dermatitis.

Shared downstream signaling components

Many of the main signaling components of the IL-7R
signaling pathway, including both positive and negative

regulators of cell proliferation and survival, are shared with
other cytokine receptors. During such an interconnected
signaling network response, multiple input cues work
together through a small set of signaling network effectors
that propagate down and spread to a number of downstream
targets. Competition for shared signaling mediators can result
in a hierarchy of responses controlled at the level of
abundance and relative binding affinities to upstream
regulators of the response.

The cross-specificity in Jak and Stat activation is one of
the major modes of cytokine signaling crosstalk. The Jak
kinase family is comprised of four members: Jak1, Jak2, Jak3
and Tyk2, each of which is found to be associated with
multiple cytokine receptors (23). For instance, Jak1 is associated
with the o subunits of yc cytokines such as IL-7Roa and
IL-4Ra. Jak3 is associated with the yc chain (24, 25).
Cytokine binding stimulates the trans-phosphorylation of
receptor associated Jak kinases, which in turn phosphorylate
tyrosine residues on the receptors themselves. The receptor
phosphotyrosines serve as docking sites for SH2 domain
proteins including the Stat family of transcription factors
which are activated by Jak-mediated phosphorylation.
Signaling crosstalk due to shared Jak kinases likely underlies
many of the redundant signaling activities observed among
interleukin family pro-survival cytokines. Cytokines, as well
as many other growth factors, activate overlapping subsets of
the seven Stat family members (Statl, 2, 3, 4, Sa, Sb, and 6)
(23). Thus, phosphorylation of multiple Stats by the Jak
kinases also results in considerable crosstalk (26). Yet another
point of crosstalk exists in the induction of suppressor of
cytokine signaling (SOCS) family members. The SOCS
proteins include eight family members (SOCS1-7 and CIS),
each of which can inhibit signaling induced by multiple
cytokines and growth factors by several mechanisms,
including binding the Jak catalytic site, occupying the
receptor Stat docking site, and targeting signaling proteins for
degradation (27). SOCSI is the major SOCS family protein
involved in IL-7R signaling regulation and is induced by
other cytokines, especially IFN-y. Another major point of
signaling crosstalk with the IL-7R signaling network is the
PI3K-Akt pathway which is involved in a number of signal
transduction networks that regulate cell survival (28). Each
level of cross-specificity in these pathways, at the level of
Jaks, Stats, SOCSs and PI3K-Akt targets, makes it harder to
assign protein-specific effects and to deconvolve multi-
cytokine responses.

Currently little is known about how pathways signaled by
IL-7 are quantitatively regulated, especially in the context of
concurrent signals derived from other cytokines or the T cell
receptor (TCR). When signaling originates from multiple
cytokines, it is likely that limiting amounts of common
downstream targets can result in less than additive activation
profiles. This phenomenon is illustrated in Figure 3, which
examines the combined activation of the Jak1-Stat5 pathway
by IL-15 and IL-7 in the presence of limiting Stat5. When
both cytokine receptors are simultaneously ligated, the
combined cytokine signals result in an increase in the rate of
the response but little increase in the magnitude of the
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Figure 4. Influence of conserved binding domains on signaling.
(A) Competition between the SH2 domains of Stat3 and Stat5 for
binding the phosphorylated Y449 residue in the IL-7Ra chain. (B)
Hypothetical differences in the kinetics of activation of Stat5 and
Stat3, which bind the same site (pY449) on the IL-7Ra receptor,
with different affinities. Here we assume that the affinity of the
pY449 site on IL-7Ra for Stat5 is 10 fold higher than that for Stat3,
and that Stat3 and Stat5 phosphorylation rates by Jak1 are equal.

response over individual cytokine treatments. For simplicity,
we have treated IL-15 as a soluble ligand like IL-7 in this
example. However, it is now established that IL-15 is
primarily bound to IL-15Ra by IL-15 producing cells in vivo
(29). This is reminiscent of the biological activities of
surface-tethered growth factors, which induce sustained
signals as they prevent the internalization of the receptor
complex (30). The effects of possible differences in receptor
internalization rates of cytokines like IL-7, which is soluble,
and IL-15, which is presented by IL-15Ra, have not been
investigated. These differences could impact the dynamics of
downstream signal competition. Well-designed quantitative
experiments at the network level will be required to develop
strategies for therapeutic manipulation of the network due to
complex interconnected effects of multiple pathway activation.

Common interaction domains

The vast inter-connectivity of signaling networks is largely a
result of overlapping binding specificities of multiple
proteins for the same target motif, which often occurs in
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several distinct signaling proteins. Thus, many kinases have
numerous substrates, and signaling scaffold proteins can
recruit several different signaling mediators to the same
domain. Yet, cytokines often predominantly activate only a
small subset of these signaling mediators. Simultaneous
stimulation with multiple cytokines which share overlapping
downstream partners can also influence the strength and
dynamics of the signal. Multiple cytokines can compete for
the same binding site on a limiting number of receptors.
Alternatively, the presence of the same signaling domain on
multiple receptors can lead to competition for limiting
downstream signaling mediators. Response specificity,
timing and prioritization for pathway activation is thus
dictated by the relative abundance and binding strength of
interacting signaling proteins.

Several conserved interaction domains are found in the
intracellular domain of the IL-7Ra chain. The cytoplasmic
tail of IL-7Ra has two regions, Box1 and Y449, which are
thought to be of particular importance for signal propagation
regulating survival, proliferation and thymocyte development.
Box1 is an eight amino acid membrane proximal motif that
binds Jak1 and is found in all type I cytokine receptors. Y449
is one of three tyrosines in IL-7Ro, which is conserved
between humans and mice, and recruits SH2 domain-
containing Stat family members when it is phosphorylated by
receptor-associated Jakl. Although Stat5 is the major Stat
recruited to the Y449 site on IL-7R signaling, SH2 domain
homology with other Stat family members could lead to
competition among the Stats for binding to the Y449 site
(Figure 4A). In particular, Statl, 3 and 5 have been shown to
be activated by IL-7R signaling (26, 31). However, a
mutation at the Y449 site does not completely abrogate Statl
and Stat3 signaling (31), suggesting additional routes for
their activation by IL-7. Additional phosphotyrosine binding
proteins like the Shc adaptor protein and insulin receptor
substrate proteins may also compete with Stat5 for binding to
the Y449 site (32). Competition at the Y449 site affecting
Stat5 access could alter the timing and magnitude of Stat
signaling. A hypothetical example of such competition
between Stat5 and Stat3 is shown in Figure 4B. We have
assumed that the Stat5:pY449 interaction is 10-fold stronger
than the Stat3:pY449 binding and that the rates of
Jak-mediated phosphorylation are equal for both Stats. The
resulting delay in the kinetics of Stat3 phosphorylation, given
limiting amounts of pY449 binding sites, is illustrated.
Conversely, the presence of phosphotyrosines on other
proteins that can also bind the SH2 domain of Stat5 could
sequester Stat5 and hinder its binding to IL-7Ra. It has also
been proposed that a second survival signal originating from
the Y449 site arises from the recruitment of PI3K (33). The
difference in binding kinetics of PI3K and Stat5 to the Y449
site could regulate the extent and timing of the signal through
these two pathways, which may influence the downstream
integration of survival signals. Quantitative experiments of
signal dynamics under varying IL-7Ra, PI3K or Stat5 levels
will be needed to determine how competition for binding
sites impacts propagation of survival signals in lymphocytes.

Volume 5 Number 2 April 2008



84 Interleukin-7 Receptor Signaling Network: An Integrated Systems Perspective

B

=

@» Feedback
@» No Feedback

Fraction Total Stat
Phosphorylation

] < J

0 10 20 30 40 50 60
Time (min)

Figure 5. Influence of feedback control on signaling. (A)
Negative feedback in IL-7 mediated Jak-Stat signaling, wherein
activated Stat5 induces upregulation of SOCSI1, which in turn
inhibits Stat5 activation by Jak1. (B) Example of the kinetics of Stat
phosphorylation in the presence and absence of negative feedback
via SOCS1 upregulation and binding to activated Jakl, assuming
first order Stat dephosphorylation. In the absence of feedback, the

signal perpetuates, whereas SOCS1 upregulation leads to signal
dissipation.

Signaling feedback control

Feedback loops comprise key mechanisms by which signal
inhibition and propagation is controlled within cells.
Signaling through a receptor may lead to signal inhibition via
receptor internalization, induction of inhibitory phosphatases
or transcriptional changes in receptor or regulator expression.
Likewise, positive signaling feedback can be generated by
inducing transcription of the receptor or its positive
regulators or by autocrine secretion of a stimulatory ligand.
Signaling feedback control is an important regulatory process
in IL-7R signaling that allows avoidance of pathway
saturation, establishment of signaling thresholds and fine
tuning of the signal at an optimal level for cell survival.
Understanding the balance of positive and negative feedback
loops will be essential for a complete understanding of
cytokine responses.

Negative feedback loops are particularly important in the
regulation of IL-7Ro expression. Receptor ligation leads to

endocytic loss of the receptor from the surface, contributing
to signal attenuation. In addition to receptor loss from
internalization, several yc cytokines, including IL-7, activate
both negative and positive feedback loops to modulate
receptor mRNA expression. In CD8" T cells, downregulation
is mediated by the transcriptional repressor Gfil, which is
upregulated upon IL-7R signaling, as well as signaling by
other interleukin family members (11). A second trans-
criptionally mediated negative feedback loop involves
upregulation of SOCS1 expression upon cytokine signaling
(Figure 5). SOCS1 can directly inhibit Jaks by acting as a
pseudosubstrate through its kinase inhibitory region, as well
as by ubiquitin-mediated degradation of the signaling complex
itself (27). In addition, cytokine-independent regulation of
SOCSI1 also plays critical roles in regulating signaling by
IL-7 and other yc cytokines throughout development. For
example, SOCSI is expressed at high level in DP cells during
thymic development to prevent IL-7R signaling and possible
aberrant positive selection (34). SOCS1 knockout mice show
spontaneous activation of lymphocytes even in a pathogen
free environment (35). A number of negative regulators of the
Stats have also been identified such as the PIAS family of
proteins (36). However, the relative contribution of these
mechanisms of signal feedback inhibition to the overall
control of IL-7R signal attenuation is yet to be elucidated.

IL-7R signaling also elicits positive feedback loops
which contribute to signal amplification and sharp response
thresholds. In developing B cells, IL-7R signaling causes
upregulation of the transcription factors EBF and E2A, which
in turn upregulate IL-7Ra., leading to a self-sustaining positive
feedback loop (37). Feedback loops in IL-7R signaling play a
critical role in B cell development by maintaining B cell
lineage commitment among differentiating common lymphoid
progenitors. In addition, sustained IL-7R signaling is necessary
for survival of pro-B cells (38). EBF and E2A coordinately
regulate the initiation of the B cell gene expression program
as well as rearrangement of the immunoglobulin heavy chain
loci (36). The signal feedback loops between these proteins
ensure normal development of B cell precursors through
various checkpoints in B cell development.

It was recently shown that in macrophages, Tat protein
produced by the human immunodeficiency virus (HIV) can
cause upregulation of IL-7Ra and increase IL-7R signaling.
Increased signaling in turn promotes early infection events
including viral entry, and ultimately efficient viral production
(39). Interestingly, the effect of HIV Tat protein on CD8" T
cells was the opposite of that seen in macrophages, where it
instead decreased IL-7Ra expression, inhibiting cell survival
signaling (40). A detailed analysis of the complex, cell-
specific feedback mechanisms will help better understand
how the IL-7R signaling network is exploited by pathogens.

Integrated gene regulation

Interaction between signaling pathways at the gene
regulatory level gives rise to a coordinated response and
synergy in outcomes. Survival, activation and proliferation
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Figure 6. Influence of integrated gene regulation on signaling.
(A) Co-regulation of TCR and IL-7R induced signaling according to
the CD8 coreceptor tuning model. IL-7 transcriptionally increases
CD8a expression to promote TCR-self peptide-MHC engagement,
but TCR signaling impairs IL-7R signaling. (B) The predicted
effects of coreceptor tuning are shown by plotting how TCR and
IL-7R signals would be expected to vary as a function of TCR input
signal strength (‘affinity’ for spMHC) with constant IL-7 input
signal, either with or without TCR mediated IL-7R signal inhibition
as described by the coreceptor tuning model. In the absence of
tuning, TCR signaling is enhanced by IL-7 signaling and increases
with the TCR input strength, whereas negative feedback to IL-7
dampens the TCR signaling induced by high ‘affinity’ ligands.

programs that are driven by antigen-receptor signaling and
various yc cytokines are characteristic of lymphocytes.
Microarray profiling has allowed for the high-throughput
querying of gene expression programs regulated by cytokine
and TCR signaling and their relationships with a variety of
biological processes. High levels of overlap have been
observed amongst the several hundred genes regulated by
IL-2, IL-7 and IL-15. However, approximately 73% of these
genes are also regulated by TCR signaling, and less than 20%
of genes are unique to cytokine stimulation (41, 42). SOCS1
and Gfil are genes that are known to be transcriptionally
induced during T cell activation as well as by pro-survival
cytokine signaling. SOCS1 and Gfil inhibit the IL-7R
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signaling pathway at the post-translational and transcriptional
levels respectively. IL-7Ra itself is transcriptionally down-
regulated by antigen-receptor signaling. In fact, it has been
suggested that there is a greater overlap among TCR and
interleukin-induced genes than amongst the genes induced by
interleukin family members themselves (41). This strongly
suggests that gaining a complete understanding of IL-7
induced signaling will require consideration of how related
cytokines and TCR signaling influence the transcriptional
network response.

As a specific example of the impact of interacting gene
regulatory control, we have illustrated the phenomenon of
coreceptor tuning which allows CD8" T cells to maintain
their antigen-receptor signaling at levels just below the
threshold of autoimmunity (Figure 6A) (43). The levels of
CDS are a critical determinant of the responsiveness of a T
cell to self-peptide MHC (spMHC) as CD8 promotes the
kinetics of binding of TCR to a spMHC complex (44).
Interestingly, CD8a is transcriptionally induced by IL-7R
signaling while at the same time, IL-7R signals are inhibited
by spMHC-induced TCR signal transduction. This leads to a
mutual feedback loop at the level of gene regulation which
results in co-regulation of T cell survival and antigen
responsiveness (43). This allows CD8" T cells to adapt to the
self-specificity of their unique TCRs so that they receive
sufficient survival signals without losing self-tolerance.
Figure 6B illustrates how the combined TCR and IL-7
survival signal would be expected to change as a function of
the strength of interaction between TCR and spMHC in the
presence and absence of the coreceptor tuning effect. In the
absence of coreceptor tuning, cells with higher self reactivity
would receive greater survival stimuli, making them
potentially autoreactive. Coreceptor tuning may also allow T
cells with a weak responsiveness to spMHC to better receive
other pro-survival signals from IL-7.

Studying the circuitry of gene regulatory programs may
help bring important new insights into the contribution of
IL-7R signaling to autoimmunity and cancer. Exposure of
CD8" T cells to low levels of IL-7 in vitro for a few hours
can pre-dispose them to an enhanced syngeneic mixed
lymphocyte reaction with syngeneic DCs (43). This
phenomenon suggests that autoimmune phenotypes may
involve deregulation of coreceptor tuning machinery. It has
also been suggested that elevated responses to pro-survival
cytokines may contribute to the ability to avoid death by
lymphoblastic leukemia cells (45). The altered responses of
these leukemic cells likely reflect critical changes in gene
expression. Predicting potential therapeutic targets in the
IL-7R  signaling pathway will therefore require a
comprehensive understanding of how normal control is
achieved, and the transcriptional processes contributing to its
pathological deregulation.

Multimeric signaling complexes and combinatorial
complexity

The Stat proteins are transcription factors involved in yc
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Figure 7. Influence of component multimerization on signaling.
(A) IL-7 induced formation of phosphorylated Stat5 dimers and
tetratmers, each with unique influences on gene expression
programs. (B) Potential Stat5 phosphorylation response showing
relative steady state levels of pStat5 monomers, dimers and
tetramers with varying IL-7 stimulation dose assuming equal rates
of dimerization and tetramerization and first order Stat dephospho-
rylation. There exist IL-7 concentrations at which dimer abundance
is either greater or lesser than tetramer abundance due to a sharper
dose response with higher multimerization states.

cytokine signaling that are expressed constitutively at high
levels in the cytosol of resting cells which facilitates their
ability to induce a rapid response on phosphorylation by Jak
kinases (23). Tyrosine phosphorylation of Stats leads to their
dimerization through their SH2 domain interactions. Both
homodimers (all Stats except Stat2) and heterodimers (Statl
and Stat2, Statl and Stat3, and Stat5a and Stat5b) are formed
(23, 32). Furthermore, tetramerization of Stats has been
shown to occur in the case of Stat3, Stat4 and Stat5. Such
higher order complex formation is mediated by the N-
terminal domains of Stat proteins. The Stat dimers and
corresponding tetramers could have differences in their
respective DNA binding specificities (46).

The presence of several Stat protein multimerization
states (monomer, dimer and tetramer) simultaneously present

in the cell, each with different cellular function, complicates
the ability to directly relate Stat phosphorylation state to
activity and phenotypic outputs. Multimerization kinetics can
also cause higher order oligomerization states to be turned on
over narrower ranges of input signal (Figure 7). IL-7 has
been shown to promote survival versus proliferation at
different concentrations (0.1 and 1 ng/ml respectively) in
recent thymic emigrants, but the effect is not correlated with
total Stat5 phosphorylation (47). One potential explanation
could be that Stat dimers and tetramers could preferentially
induce cell survival or cell cycle entry respectively. As shown
in Figure 7B one possibility is that Stat5 dimers may be more
abundant than tetramers upon weak IL-7 signals, with the
opposite effect being seen for high IL-7 signals.

Due to cooperative effects, Stat tetramers may selectively
increase the activity of certain promoters which have lower
affinity binding sites for Stats. Indeed, mutational analysis of
StatSa-binding DNA oligonucleotides has demonstrated that
it is possible to introduce specific mutations that virtually
abolish Stat5a dimer binding without affecting binding as
tetramers. Increased promoter occupancy may change the
threshold for transcriptional activity while widening the gene
transcription spectrum (46). Some responses to cytokine
signaling may be explained by the presence of conditions that
favor the generation of dimers over tetramers or vice versa.
In fact, the presence of high levels of Stat5 tetramers has
been consistently seen in some leukemias (47). Furthermore,
combinatorial complexity in the dimerization of Stats can
lead to additional diversity in the nature of signals transduced
by IL-7. Stat5a and Stat5b are two closely related Stats with
subtle differences in their DNA binding specificity. These
differences are likely to be reflected in the DNA-binding
specificities of Stat5Sa/b homodimers and heterodimers and
also in their higher order complexes. Combinatorial
complexity in these interactions can also arise from the
heterodimerization of other Stats (Stat1/Stat3 or Statl/Stat2).

Multicellular ligand competition

Lymphocyte homeostasis refers to the maintenance of the
numbers and diversity of lymphocytes through an organism’s
lifetime. The homeostasis of naive T cells is maintained by
the competition for limiting amounts of pro-survival
cytokines such as IL-7 and regular contact with spMHC (48).
Despite stiff competition for pro-survival ligands among T
cells, the homeostasis of T cell numbers as well as diversity
is maintained (10). This can be better explained by studying
how features of the IL-7R signaling network affect the
behavior of the entire cell population.

T cells have evolved strategies to maximize the efficiency
of utilization of limiting amounts of IL-7 to maintain
homeostasis. IL-7Ra downregulation, which is induced by
IL-7R signaling, has been proposed to serve as a mechanism
to maximize population size among cells competing for
limiting IL-7 by allowing the maximum possible number of
cells to receive pro-survival signals (11). In this ‘altruistic’
model of IL-7R signaling, cells signaled by IL-7 transiently
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Figure 8. Influence of multicellular ligand competition effects on signaling. (A) Competition between naive and activated cells in the
presence or absence of ‘altruistic’ IL-7Ro. downregulation by activated cells. According to this model, downregulation of IL-7Ra prevents
depletion of available IL-7 by the expanding population of activated cells, which is required for naive T cell survival. (B) An example of how
the abundance of naive and activated T cells might be expected to change once activated T cells undergo rapid IL-7 independent expansion
(days 2-7) and either (i) downregulate their receptors (‘altruism’) or (ii) do not (‘no altruism’) according to the model in (A). The naive T cell
population sizes decrease in the absence of altruism due to IL-7 ligand consumption.

downregulate surface expression of IL-7Ra and thus become
unresponsive to the continued presence of IL-7. The
remaining IL-7 in the extracellular milieu can then be used to
signal as of yet unsignaled cells. Cells are hypothesized to
indefinitely cycle between signaled and unsignaled states
with low and high receptor expression respectively (3). It is
unknown if such cycling occurs in vivo and if it does occur,
what the time scales of the cycling in receptor levels are. A
further point of contention that remains unexplored is
whether ‘altruistic’ behavior must be realized by two popu-
lations of ‘signaled’ and ‘unsignaled’ cells in vivo, driven for
example by their respective arrival at the IL-7 production
sites in the lymph node, or whether the entire population is
maintained at constant receptor levels in equilibrium with
extracellular IL-7. Furthermore, it is possible that the

comparatively faster processes of IL-7Ra internalization are
sufficient to regulate signal strength and depletion.

This ‘altruistic’ behavior has been extended to explain the
need for IL-7Ra downregulation upon T cell activation
(Figure 8) (11). Activated T cells undergo rapid expansion
and their numbers can occasionally reach almost half of the
total number of T cells during some acute infections (49). On
activation, T cells gain responsiveness to other cytokines
such as IL-2 and downregulate IL-7Ra and IL-7 consumption,
presumably in order to preserve the naive repertoire that is
critically dependent on IL-7. Figure 8B shows the possible
decrease in total naive T cell population numbers that might
be expected in the absence of IL-7Ra downregulation in the
activated pool as compared to what would be seen for an
‘altruistic’ activated pool. A similar interaction is believed to
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exist between double negative (DN) and double positive (DP)
thymocytes. The DN population of lymphocyte precursors in
the thymus is critically dependent on IL-7 and gives rise to
DP cells that constitute a large fraction of the cells in the
thymus. As forced expression of IL-7Ra on DP thymocytes
results in reduced numbers in the thymus, it has been
suggested that the physiological downregulation of IL-7Ra
on DP cells results in sparing of the limiting IL-7 resource for
the DN population (50).

IL-7 has been tested as a therapy for lymphopenic
disorders (51). A population level model of the IL-7R
signaling network can be used to estimate optimal IL-7
therapeutic dosing regimens that minimize simultaneous
activation of negative feedback loops. This will require
careful determination of the effects of both receptor
downregulation at increasing doses in combination with
consideration of the effects of multi-cellular competition.

Conclusions

We have discussed several examples of pathological
perturbations in the IL-7R signaling network. However, the
involvement of IL-7R signaling in many diseases is not
completely understood. For instance, a likely causal single
nucleotide polymorphism (rs6897932) in the IL-7Ra gene,
was recently identified in a population of multiple sclerosis
(MS) patients (52). It results in aberrant expression of a
soluble isoform of the IL-7Ra by putatively disrupting an
exonic splicing silencer. Simultaneously, the level of the
normal membrane-bound IL-7Ra is reduced. This may have
an impact on the pathogenesis of MS by altering the
dynamics of the IL-7 or TSLP signaling network in multiple
cell types. Notably, TSLP-activated DCs are involved in
CD4" T cell homeostasis (53) and T regulatory cell
development in the thymus (54). In another recent develop-
ment, a low level of IL-7Ra was shown to be an excellent
marker for human T regulatory cells and Foxp3 expression
(55). This further suggests that there may be hitherto
unrecognized roles for the IL-7R signaling network in human
diseases.

The IL-7R signaling network provides a good example of
the utility of a system perspective in examining how multiple
levels and mechanisms of regulation interact to produce a
dynamic cellular response. A view of the pathway that is
focused on single components provides an incomplete picture
of the regulatory network because IL-7R simultaneously
signals through multiple shared pathways and IL-7R
signaling is modulated through multiple concurrent
mechanisms. We can reliably model the complex biology of
IL-7R signaling only by integrating what is known about all
the factors involved in signal propagation, repression and
modulation. A comprehensive quantitative evaluation of the
IL-7R signal network will extend our understanding of
complex relationships involved in lymphocyte development
and homeostasis. In addition, a detailed network analysis of
IL-7R signaling may shed light on other cytokine signaling
networks as well because it shares many components with

other cytokine signaling networks. New technologies that
allow quantitative network level analysis of signaling will
improve our understanding of the immunobiology of IL-7R
signaling.

Acknowledgements

The authors would like to thank Alfred Singer, Jung-Hyun
Park and Chris Govern for helpful discussions. This work
was partially supported by NIH grants AI40146, Al69208
and CA100875 (to J. C.) and P50-068762 and AI06582 (to D.
A. L)), and by a grant from Arnold and Mabel Beckman
Foundation (to D.J.I.)

References

1. Fry TJ, Mackall CL. The many faces of IL-7: from
lymphopoiesis to peripheral T cell maintenance. J Immunol.
2005;174:6571-6576.

2. Link A, Vogt TK, Favre S, et al. Fibroblastic reticular cells in
lymph nodes regulate the homeostasis of naive T cells. Nat
Immunol. 2007;8:1255-1265.

3. Mazzucchelli R, Durum SK. Interleukin-7 receptor expression:
intelligent design. Nat Rev Immunol. 2007;7:144-154.

4. Reche PA, Soumelis V, Gorman DM, et al. Human thymic
stromal lymphopoietin preferentially stimulates myeloid cells. J
Immunol. 2001;167:336-343.

5. Jiang Q, Li WQ, Aiello FB, et al. Cell biology of IL-7, a key
lymphotrophin. Cytokine Growth Factor Rev. 2005;16:513-533.

6. von Freeden-Jeffry U, Vieira P, Lucian LA, McNeil T, Burdach
SE, Murray R. Lymphopenia in interleukin (IL)-7 gene-deleted
mice identifies IL-7 as a nonredundant cytokine. J Exp Med.
1995;181:1519-1526.

7. Peschon JJ, Morrissey PJ, Grabstein KH, et al. Early
lymphocyte expansion is severely impaired in interleukin 7
receptor-deficient mice. J Exp Med. 1994;180:1955-1960.

8. Isaksen DE, Baumann H, Trobridge PA, Farr AG, Levin SD,
Ziegler SF. Requirement for stat5 in thymic stromal
lymphopoietin-mediated signal transduction. J Immunol. 1999;
163:5971-5977.

9. Liu YJ, Soumelis V, Watanabe N, et al. TSLP: an epithelial cell
cytokine that regulates T cell differentiation by conditioning
dendritic cell maturation. Annu Rev Immunol. 2007;25:193-
219.

10. Mahajan VS, Leskov IB, Chen JZ. Homeostasis of T cell
diversity. Cell Mol Immunol. 2005;2:1-10.

11. Park JH, Yu Q, Erman B, et al. Suppression of IL7Ra
transcription by IL-7 and other prosurvival cytokines: a novel
mechanism for maximizing IL-7-dependent T cell survival.
Immunity. 2004;21:289-302.

12. Chen RE, Thorner J. Systems biology approaches in cell
signaling research. Genome Biol. 2005;6:235.

13. Ozaki K, Leonard WJ. Cytokine and cytokine receptor pleiotropy
and redundancy. J Biol Chem. 2002;277:29355-29358.

14. Giri JG, Ahdieh M, Eisenman J, et al. Utilization of the 3 and y
chains of the IL-2 receptor by the novel cytokine IL-15. EMBO
J. 1994;13:2822-2830.

15. Pandey A, Ozaki K, Baumann H, et al. Cloning of a receptor
subunit required for signaling by thymic stromal lymphopoietin.
Nat Immunol. 2000;1:59-64.

16. Page TH, Lali FV, Groome N, Foxwell BM. Association of the

Volume 5 Number 2 April 2008



Cellular & Molecular Immunology

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

common y-chain with the human IL-7 receptor is modulated by
T cell activation. J Immunol. 1997;158:5727- 5735.

Smyth CM, Ginn SL, Deakin CT, Logan GJ, Alexander IE.
Limiting yc expression differentially affects signaling via the
interleukin (IL)-7 and IL-15 receptors. Blood. 2007;110:91-98.
Liu YJ. Thymic stromal lymphopoietin and OX40 ligand
pathway in the initiation of dendritic cell-mediated allergic
inflammation. J Allergy Clin Immunol. 2007;120:238-244; quiz
245-246.

Ziegler SF, Liu YJ. Thymic stromal lymphopoietin in normal
and pathogenic T cell development and function. Nat Immunol.
2006;7:709-714.

van Roon JA, Hartgring SA, Wenting-van Wijk M, et al.
Persistence of interleukin 7 activity and levels on tumour
necrosis factor o blockade in patients with rheumatoid arthritis.
Ann Rheum Dis. 2007;66:664-669.

Roye O, Delacre M, Williams IR, Auriault C, Wolowczuk 1.
Cutaneous interleukin-7 transgenic mice display a propitious

environment to Schistosoma mansoni infection. Parasite Immunol.

2001;23:133-140.

Liu YJ. Thymic stromal lymphopoietin: master switch for
allergic inflammation. J Exp Med. 2006;203:269-273.

Schindler C, Levy DE, Decker T. JAK-STAT signaling: from
interferons to cytokines. J Biol Chem. 2007;282:20059-20063.
Reichel M, Nelson BH, Greenberg PD, Rothman PB. The 1L-4
receptor a-chain cytoplasmic domain is sufficient for activation
of JAK-1 and STAT6 and the induction of IL-4-specific gene
expression. J Immunol. 1997;158:5860-5867.

Boussiotis VA, Barber DL, Nakarai T, et al. Prevention of T cell
anergy by signaling through the yc chain of the IL-2 receptor.
Science. 1994;266:1039-1042.

Lin JX, Migone TS, Tsang M, et al. The role of shared receptor
motifs and common Stat proteins in the generation of cytokine

pleiotropy and redundancy by IL-2, IL-4, IL-7, IL-13, and IL-15.

Immunity. 1995;2:331-339.

Yoshimura A, Naka T, Kubo M. SOCS proteins, cytokine
signalling and immune regulation. Nat Rev Immunol. 2007;7:
454-465.

Cantley LC. The phosphoinositide 3-kinase pathway. Science.
2002;296:1655-1657.

Sandau MM, Schluns KS, Lefrancois L, Jameson SC. Cutting
edge: transpresentation of IL-15 by bone marrow-derived cells
necessitates expression of IL-15 and IL-15Ra by the same cells.
J Immunol. 2004;173:6537-6541.

Kuhl PR, Griffith-Cima LG. Tethered epidermal growth factor
as a paradigm for growth factor-induced stimulation from the
solid phase. Nat Med. 1996;2:1022-1027.

Jiang Q, Li WQ, Hofmeister RR, et al. Distinct regions of the
interleukin-7 receptor regulate different Bcl2 family members.
Mol Cell Biol. 2004;24:6501-6513.

Kovanen PE, Leonard WJ. Cytokines and immunodeficiency
diseases: critical roles of the yc-dependent cytokines interleukins
2,4,7,9, 15, and 21, and their signaling pathways. Immunol
Rev. 2004;202:67-83.

Venkitaraman AR, Cowling RIJ. Interleukin-7 induces the
association of phosphatidylinositol 3-kinase with the o chain of
the interleukin-7 receptor. Eur J Immunol. 1994;24:2168-2174.
Yu Q, Park JH, Doan LL, Erman B, Feigenbaum L, Singer A.
Cytokine signal transduction is suppressed in preselection
double-positive thymocytes and restored by positive selection. J
Exp Med. 2006;203:165-175.

Marine JC, Topham DJ, McKay C, et al. SOCS1 deficiency

causes a lymphocyte-dependent perinatal lethality. Cell. 1999;98:

609-616.

36

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

89

. Quong MW, Romanow WJ, Murre C. E protein function in
lymphocyte development. Annu Rev Immunol. 2002;20:301-
322.

Medina KL, Singh H. Genetic networks that regulate B
lymphopoiesis. Curr Opin Hematol. 2005;12:203-209.
Busslinger M. Transcriptional control of early B cell
development. Annu Rev Immunol. 2004;22:55-79.

Zhang M, Drenkow J, Lankford CS, et al. HIV regulation of the
IL-7R: a viral mechanism for enhancing HIV-1 replication in
human macrophages in vitro. J Leukoc Biol. 2006;79:1328-
1338.

Faller EM, McVey MJ, Kakal JA, MacPherson PA. Interleukin-7
receptor expression on CD8 T-cells is downregulated by the
HIV Tat protein. J Acquir Immune Defic Syndr. 2006;43:257-
269.

Kovanen PE, Rosenwald A, Fu J, et al. Analysis of yc-family
cytokine target genes. Identification of dual-specificity
phosphatase 5 (DUSP5) as a regulator of mitogen-activated
protein kinase activity in interleukin-2 signaling. J Biol Chem.
2003;278:5205-5213.

Liu K, Catalfamo M, Li Y, Henkart PA, Weng NP. IL-15 mimics
T cell receptor crosslinking in the induction of cellular
proliferation, gene expression, and cytotoxicity in CDS8"
memory T cells. Proc Natl Acad Sci U S A. 2002;99:6192-6197.
Park JH, Adoro S, Lucas PJ, et al. 'Coreceptor tuning": cytokine
signals transcriptionally tailor CD8 coreceptor expression to the
self-specificity of the TCR. Nat Immunol. 2007;8:1049-1059.
Gakamsky DM, Luescher IF, Pramanik A, et al. CD8 kinetically
promotes ligand binding to the T-cell antigen receptor. Biophys
J. 2005;89:2121-2133.

Barata JT, Cardoso AA, Boussiotis VA. Interleukin-7 in T-cell
acute lymphoblastic leukemia: an extrinsic factor supporting
leukemogenesis? Leuk Lymphoma. 2005;46:483-495.

Soldaini E, John S, Moro S, Bollenbacher J, Schindler U,
Leonard WJ. DNA binding site selection of dimeric and
tetrameric Stat5 proteins reveals a large repertoire of divergent
tetrameric Stat5a binding sites. Mol Cell Biol. 2000;20:389-401.
Moriggl R, Sexl V, Kenner L, et al. Stat5 tetramer formation is
associated with leukemogenesis. Cancer Cell. 2005;7:87-99.
Surh CD, Sprent J. Regulation of mature T cell homeostasis.
Semin Immunol. 2005;17:183-191.

Blattman JN, Antia R, Sourdive DJ, et al. Estimating the
precursor frequency of naive antigen-specific CD8 T cells. J
Exp Med. 2002;195:657-664.

Munitic I, Williams JA, Yang Y, et al. Dynamic regulation of
IL-7 receptor expression is required for normal thymopoiesis.
Blood. 2004;104:4165-4172.

Rosenberg SA, Sportes C, Ahmadzadeh M, et al. IL-7
administration to humans leads to expansion of CD8" and CD4"
cells but a relative decrease of CD4" T-regulatory cells. J
Immunother. 2006;29:313-319.

Gregory SG, Schmidt S, Seth P, et al. Interleukin 7 receptor o
chain (IL7R) shows allelic and functional association with
multiple sclerosis. Nat Genet. 2007;39:1083-1091.

Watanabe N, Hanabuchi S, Soumelis V, et al. Human thymic
stromal lymphopoietin promotes dendritic cell-mediated CD4"
T cell homeostatic expansion. Nat Immunol. 2004;5:426-434.
Watanabe N, Wang YH, Lee HK, Ito T, Cao W, Liu YJ. Hassall's
corpuscles instruct dendritic cells to induce CD4'CD25"
regulatory T cells in human thymus. Nature. 2005;436:1181-
1185.

Liu W, Putnam AL, Xu-Yu Z, et al. CD127 expression inversely
correlates with FoxP3 and suppressive function of human CD4"
Treg cells. J Exp Med. 2006;203:1701-1711.

Volume 5 Number 2 April 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


