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Abstract

The IL-2/IL-2R signaling pathway plays an important role in autoimmunity. Several genes
identified in GWA studies encode proteins in the 1L-2/IL-2R signaling cascade that are associated
with autoimmune diseases. One of these, PTPN2, encodes a protein tyrosine phosphatase that is
highly expressed in T cells and regulates cytokine signaling. An intronic risk allele in PTPN2,
rs1893217(C), correlated with decreased IL-2R signaling in CD4* T cells as measured by
phosphorylation of STAT5 (pSTAT5). We modeled an additive SNP genotype, in which each
copy of the risk allele conferred a decrease in IL-2R signaling (p=4.4x1078). Decreased pSTAT5
impacted IL-2Rp chain signaling resulting in reduced FOXP3 expression in activated cells. This
phenotype was not due to overt differences in expression of the IL-2R, molecules in the IL-2R
signaling cascade or defects in STAT5. However, the rs1893217(C) risk variant did correlate with
decreased PTPN2 expression in CD4*CD45RO T cells (p=0.0002). Thus, the
PTPN2rs1893217(C) risk allele associated with reduced pSTATS5 in response to IL-2 and reduced
PTPN2 expression. Together, these data suggest that decreased expression of PTPN2 may
indirectly modulate IL-2 responsiveness. These findings, identified through genotype/phenotype
relationships, may lead to identification of novel mechanisms underlying dysregulation of
cytokine signaling in autoimmunity.
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Introduction

IL-2 receptor (IL-2R) signaling plays a key role in immune regulation. This is observed
most dramatically by the development of severe autoimmunity in mice lacking IL-2 or
components of the IL-2R (1,2). In humans, Genome Wide Association Studies (GWAS)
have identified single nucleotide polymorphisms (SNPs) associated with autoimmune
diseases that fall within genes that encode proteins that participate in the IL-2/IL-2R
signaling pathway (3-7). These include IL-2 itself and two genes involved in IL-2R
signaling - the high affinity IL-2R alpha chain (CD25) and the Protein Tyrosine Phosphatase
N2 (PTPN2). Each of these genes contains intronic SNP’s found to be associated with
multiple autoimmune diseases. Genetic variation in CD25 is associated with multiple
sclerosis (8-10), type 1 diabetes (7,9,11), Graves’ disease (12), systemic lupus
erythematosus (13), and rheumatoid arthritis (3,5). For all CD25 risk haplotypes identified to
date, the disease-associated SNP’s represent the common alleles. A SNP has been identified
3’ of the PTPN2 gene that is associated with Crohn’s disease, type 1 diabetes and
rheumatoid arthritis (3) and two additional SNPs are associated with type 1 diabetes (5).
Although the relative risk (RR) associated with each of these SNP’s is modest (RR< 1.3),
together they point to a role for the IL-2R pathway in autoimmune disease development. In
support of this, our group has found that responsiveness to I1L-2 is decreased in CD4* T cells
of subjects diagnosed with type 1 diabetes (14).

The IL-2/IL-2R signaling pathway consists of a heterotrimer composed of an alpha chain
(CD25), a beta chain (CD122) shared with the IL-15R, and the common gamma chain
(CD132) shared by IL-4R, IL-7R, IL-9R, IL-13R, IL-15R and IL-21R (15). Engagement of
the IL-2R results in a cascade of signaling events initiated by phosphorylation of the
tyrosine kinases JAK1 and JAKS3, followed by phosphorylation of tyrosine residues on the
IL-2Rp chain which results in phosphorylation of STAT5 and Shc. Phosphorylated Shc
activates the Ras/Erk and PI13K/Akt pathways while phosphorylated STATS (pSTAT5)
dimerizes and translocates to the nucleus activating STATS target genes including CD122,
CD25 and FOXP3 (16). Activation of this pathway can be modulated by altering the
expression level of molecules in the signaling pathway and by altering expression of
proteins with regulatory roles in signal transduction including protein tyrosine phosphatases
(PTP’s).

PTP’s are involved in a wide range of intracellular signaling processes as both negative and
positive regulators (17). PTPN2 is a phosphatase that is ubiquitously expressed, but is most
highly expressed in hematopoietic cells (18). The importance of PTPN2 in controlling
immunity is emphasized by the fact that PTPN2 knock-out mice die early (within 5 weeks of
birth) of progressive systemic inflammation marked by splenomegaly, lymphadenopathy
and excessive production of TNFa, IFNy, IL-12 and nitric oxide (19). PTPN2 is expressed
as 45kD isoform that is expressed throughout the cell and a 48kD isoform that is localized to
the endoplasmic reticulum. In substrate-trapping and over-expression assays, PTPN2 has
been shown to interact with and dephosphorylate a number of JAK’s, STAT’s and cytokine
receptors including proteins in the IL-2R signaling cascade (20-23). Thus, PTPN2 appears
to be a key regulator of signal transduction in immunity.
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Since PTPN2 and impaired IL-2R signaling are both associated with autoimmunity, we
chose to examine the functional impact of a T1D-associated genetic variant of PTPN2,
rs1893217, found in intron 7 of PTPN2 (minor allele frequency= 0.167 in controls, RR for
type 1 diabetes = 1.3: 95% CI 1.2-1.4, p=3.6x1071° (3,5,24)), on IL-2R signaling in T cells.
These studies were performed using samples from healthy controls where one can examine
the biological impact of a disease associated variant outside of the context of the disease
itself, a strategy that has been effective in other studies (25-27). Using this approach, we
demonstrate that CD4* T cells of healthy individuals who carry the risk allele of
PTPN2rs1893217 display reduced response to IL-2 as measured by pSTATS5 and expression
of FOXP3, a STAT5-dependent protein. Altered expression of the components of the IL-2R
complex, JAK1, JAK3 and STATS5 did not correlate with genotype. However, we did find
that the risk allele correlates with decreased PTPN2 RNA levels which, through an indirect
mechanism, confers diminished IL-2R signaling in CD4* T cells.

PTPN2rs1893217(C) risk allele in CD4* T cells correlates with reduced pSTAT5 in response

to IL-2

To address the impact of the autoimmune-associated rs1893217(C) risk allele on IL-2R
signaling in CD4* T cells, we examined pSTATS5 upon exposure to IL-2 (100 IU/ml) as a
proposed down-stream consequence of PTPN2 phosphatase activity. Analyzing CD25" cells
and CD45RO* CD4™" T cells, populations known to be highly responsive to IL-2, a
decreased frequency of pSTAT5" cells was observed in subjects carrying a risk allele of
PTPN2rs1893217 (Figure 1A and B). In a cross-sectional analysis of total CD4* T cells, we
found decreased IL-2 responsiveness in subjects carrying one copy of the risk allele in a
dose and time-dependent manner with a further decrease in subjects homozygous for the
disease-associated allele (Figure 1C and D). These results fit an additive model as assessed
by a SNP association analysis using linear regression (p=4.4x1078, B regression coefficient
=-9.508, SE=1.553). When these data were examined with respect to the level of pSTAT5
following exposure to IL-2, as measured by MFI, a similar reduction in pSTAT5 was
observed (Figure 1E). This decrease in phosphorylation was confirmed by western blot
when normalizing to total STATS expression (Supplemental Figure 1) and was not due to
decreased levels of total STAT5 protein (Table Ib). Thus, the rs1893217(C) risk allele of
PTPN2 correlates with decreased pSTAT5 in CD4™ T cells exposed to IL-2.

Several SNP’s within the CD25 gene are associated with autoimmune diseases (3-7). The
autoimmune-associated CD25 SNP, rs41295061, is very common in the Caucasian
population. The type 1 diabetes-associated protective allele of CD25rs41295061 is a
component of the “protective rs12722495” CD25 haplotype recently shown to correlate with
increased CD25 expression on memory T cells (26). To ensure that our results were not
influenced by this risk allele, we examined the impact of the rs1893217 SNP in PTPN2
while holding CD25 genotype constant for the rs41295061 risk allele. When this was done,
a significant reduction in pSTATS was still apparent in individuals carrying the
PTPN2rs1893217(C) risk allele (Supplemental Figure 2). For all further experiments, only
subjects homozygous for the risk allele (C) at CD25rs41295061 were studied.
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To determine whether reduced pSTATS5 in response to IL-2 is a stable phenotype over time,
we performed longitudinal analysis on a subset of subjects stratified by PTPN2rs1893217
genotype. Variance in pSTAT5 measurements for the same subject but from different blood
draws was minimal and did not correlate with genotype or time between blood draws
(Figure 2). Together, these data demonstrate a robust correlation between the phenotype of
decreased pSTATS in response to IL-2 and the rs1893217(C) risk allele of PTPN2.

Decreased pSTATS5 in control subjects carrying the PTPN2rs1893217(C) risk allele is linked
to reduced signaling through the IL-2RB chain

We next investigated the cytokine specificity of decreased pSTAT5. CD4* T cells were
exposed to IL-15 and IL-7, cytokines that signal through STATS5. Both cytokine receptors
have unique a chains and utilize the common vy chain, but only the IL-15R utilizes the
IL-2Rp chain. In these studies, the percent of pSTAT5" cells were decreased in subjects
carrying the rs1893217(C) risk allele of PTPN2 upon exposure to IL-15, but not IL-7
(Figure 3A). Genotypic differences in IL-7 responsiveness were not observed even when
higher doses of IL-7 were tested (Supplemental Figure 3). These findings suggest that
signaling via the common y chain and STATS are intact, but that signals via the IL-2Rf3
chain shared by the IL-2R and IL-15R complexes are impacted by the risk allele. This is
further supported by the strong correlation between pSTATS5 levels in response to IL-2 and
IL-15 (Figure 3B).

To determine whether decreased pSTATS in subjects carrying the rs1893217(C) risk allele
has down-stream physiological consequences, we chose to measure FOXP3, as its
transcription is controlled by STATS5 (28,29) and dysregulation of FOXP3 expression plays
an important role in autoimmunity (30). We found no difference in the steady-state
frequency of CD4*FOXP3* T cells in PBMC of control or T1D subjects when stratified by
PTPN2rs1893217 genotype (Table | and data not shown). However, when CD4*CD25~ T
cells of controls were activated in the presence of I1L-2 as diagramed in Supplemental Figure
4, we found a lower frequency of CD4"* T cells expressing FOXP3 in subjects carrying the
PTPN2rs1893217(C) risk allele (Figure 4). To assess IL-2R beta chain specificity and the
impact of total T cell activation, we compared expression of FOXP3 and CD25, a marker of
activation, in the presence of 1L-2 and IL-15. FOXP3, but not CD25, differed by
PTPN2rs1893217 genotype (Supplemental Figure 5) while no difference between the groups
was seen with media alone, IL-7 or IL-4 (data not shown). Together, these data suggest that
this phenotype is not altered by total activation. Thus, decreased pSTAT5 in subjects
carrying a risk allele of PTPN2 results in decreased expression of FOXP3, a STAT5-
dependent protein relevant to autoimmunity.

Variation in expression of proteins in the IL-2R signaling cascade did not associate with
PTPN2rs1893217 genotype

Multiple factors may impact IL-2R signaling including receptor expression and T cell
differentiation. When comparing subjects homozygous for the rs1893217(T) non-risk allele
and heterozygotes, we found no significant differences in the level of cell surface expression
of CD25 (IL-2Ra), CD122 (IL-2RB) or CD132 (common vy chain) on CD4* T cells, as
measured by flow cytometry (Table I). Variation in IL-2R expression did not correspond

Genes Immun. Author manuscript; available in PMC 2011 September 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Long etal.

Page 5

with SNP rs1893217 as was observed in two independent data sets: one with frozen samples
and another with fresh samples (data not shown). Nor did we find differences in the
expression of JAK1, JAK3 or STAT5 as measured by Western blot (Table I, Supplemental
Figure 1).

In addition to IL-2R expression, we also examined other traits that may contribute to IL-2
responsiveness. No differences in pSTATS frequency or level of expression in CD4™ T cells
of control subjects stratified by gender were found (data not shown). In addition, possession
of the autoimmune-associated HLA Class 1| DRB1*03 or DR4 and the 1858T variant of
PTPN22, Lyp620W, had no impact on the pSTATS5 phenotype (data not shown). Neither
were differences due to alterations in the composition of the CD4* T cell compartment
amongst the genotypic categories (Table I). Together, these data demonstrate a correlation
between the autoimmune-associated risk variant of PTPN2rs1893217 and impaired pSTAT5
in response to IL-2 and IL-15 that is not due to overt differences in the level of expression of
molecules directly involved in IL-2R signaling.

PTPN2rs1893217(C) risk allele correlates with reduced PTPN2 message

Thus far, risk alleles in the PTPN2 gene that are associated with autoimmunity are all non-
coding, and no coding SNP’s or variants predicted to affect splicing have been identified by
re-sequencing (5). We confirmed these findings by screening the PTPN2 exons in 90 type 1
diabetic, rheumatoid arthritis and control subjects carrying the PTPN2 risk alleles and did
not detect any additional variants (data not shown). Since intronic SNP’s in other genes
associated with autoimmunity have been shown to alter expression or splicing of the
relevant genes (11,26,31), we analyzed PTPN2 message levels in two populations. First, we
analyzed PTPN2 RNA levels by QPCR in CD4*CD45RO* memory T cells isolated from
control subjects stratified by PTPN2rs1893217 genotype. These cells are involved in
autoimmune disease and are the cells in which we observed reduced pSTAT5. As shown in
Figure 5 and Table I1, we observed a significant decrease in total PTPN2 steady state mRNA
levels in CD4*CD45RO™* T cells using an additive model (p=0.0002). Each copy of the risk
allele conferred a —0.4445 decrease in PTPN2 RNA levels (SE 0.110, 95% CI -0.625 to
-0.197). Levels of the 45 kD and 48 kD PTPN2 splice variants were also decreased with the
rs1893217(C) risk allele in PTPNZ, although they did not reach statistical significance after
correcting for multiple testing. These data demonstrate that PTPN2 expression is decreased
in control subjects carrying the rs1893217(C) T1D-associated risk allele.

To confirm our results in a second independent dataset, we examined PTPN2 RNA
expression levels in the HapMap CEU parent transformed B lymphocyte cell lines using the
Sanger Institute array expression data. We found significantly reduced PTPN2 RNA for the
48kD isoform for each copy of the rs1893217(C) risk allele using an additive model
(p=0.003, B regression coefficient = —0.218, SE=0.068). Total PTPN2 RNA levels were also
decreased with the rs1893217 (C) risk allele in the HapMap CEU lines, but this was not
statistically significant after correcting for multiple testing (Figure 5D and E, Table I1). No
significant difference was observed in GAPDH RNA levels based on PTPN2rs1893217
genotype (Figure 5E). Together, these data clearly demonstrate that PTPN2 expression is
decreased in control subjects carrying the rs1893217(C) autoimmune-associated risk allele.
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Discussion

As evidenced in mouse models and GWA studies, one of the factors that may predispose
towards autoimmunity is alterations in the IL-2/IL-2R signaling cascade. Identifying the
manner by which alterations in this pathway lead to autoimmunity in humans is key to
understanding disease pathogenesis and to developing therapeutics. One way to discover
how immune pathways are altered in human autoimmune disease is through genotype/
phenotype studies. In this paper, we provide strong evidence for a correlation between a
variant in PTPN2 and impaired IL-2R chain signaling in CD4* T cells that results in
diminished FOXP3 expression upon activation in the presence of IL-2. Variance in
expression levels of the IL-2R did not correlate with the rs1893217 SNP in PTPN2.
However, there was a consistent correlation between decreased PTPN2 expression and the
rs1893217(C) autoimmune-associated risk allele.

The PTPN2rs1893217(C) risk allele correlates with decreased pSTATS in response to IL-2
stimulation in a dose dependent manner. Importantly this phenotype is consistent over-time
and is not linked to other autoimmune associated traits including HLA type, PTPN22
1858(T) variant of Lyp or gender. Using QTL analysis, this phenotype was found to be
consistent with an additive genetic model reflected by a further decrease in pSTATS5 in
subjects with each copy of the risk allele. In the broader context, alterations in PTP activity
and STAT’s have been shown to impact both autoimmunity and cancer (32-35) supporting
the conclusion that dysregulation of cytokine signaling pathways can contribute to
autoimmune disease. In fact, we recently demonstrated that CD4* T cells of T1D subjects
have a lower response to IL-2 than controls and this is due, in part, to altered expression of
PTPN2(14).

Other T1D-associated SNPs in the IL-2/IL-2R pathway occur in the IL-2 and CD25 genes
(6,7,36-38). Others have recently shown that a protective haplotype of markers at the CD25
gene correlates with increased expression of CD25 (11,26,39). We observed no difference in
our study population in pSTATS5 frequencies between heterozygous and homozygous
subjects for the risk allele of rs41295061 SNP (data not shown), a marker within the
haplotype correlating with CD25 expression differences. Whether rare subjects homozygous
for the protective allele of rs41295061 SNP in CD25 have enhanced pSTATS levels in
response to I1L-2 was not tested. Importantly, when holding CD25rs41295061 constant, we
still observed differences in pPSTATS when stratified by PTPN2rs1893217 genotype.
Whether other autoimmune-associated variants of CD25 or I1L-2 may also alter IL-2R
signaling has not yet been addressed.

Isolation of the effects of PTPN2 variants from the influence of other variants in genes that
encode proteins involved in IL-2R signaling is confounded by the number and frequency of
autoimmune-associated SNP’s that may impact this pathway. Here, we use control subjects
to separate disease effects from genotype effects on the IL-2R signaling phenotype. The
biological impact of PTPN2 variants can also be separated from CD25 variants through
comparison of JAK/STATS signaling in response to other cytokines. In our study, CD4* T
cells from subjects heterozygous for the rs1893217(C) risk allele of PTPN2 display
decreased pSTATS in response to both IL-2 and IL-15, but not IL-7, suggesting that altered
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IL-2R signaling occurs downstream of CD25 and, most likely, involves the IL-2Rp chain.
While we did not observe differences in the steady-state frequency of memory CD4* T cells
in controls carrying the rs1893217(C) risk allele in PTPN2 as a result of impaired I1L-2R
signaling, we did observe differences in the expression of FOXP3 upon activation in the
presence of IL-2. This is consistent with the phenotype of mice that express a mutant IL-2Rj3
chain resulting in defective IL-2R signaling and peripheral, as opposed to thymic, FOXP3
expression (40). Thus, the biological consequence of decreased IL-2R[ chain signaling via
pSTATS observed here may cause impaired tolerance to self antigens through a diminution
in IL-2-dependent FOXP3* Treg. As differences in circulating FOXP3* T cells were not
observed in control subjects carrying a risk allele of PTPN2rs1893217, it is likely that IL-2-
dependent survival and persistence of FOXP3* Treg occurs at the site of inflammation, an
interpretation consistent with Treg studies in NOD mice (41).

We found that the intronic PTPN2rs1893217(C) risk allele correlates with decreased
expression of PTPN2 RNA levels in two independently analyzed lymphocyte populations:
CD4* CD45RO T cells and transformed B cell lines. The fact that the effect was more
pronounced in CD4*CD45RO* T cells emphasizes the relevance of this cell subset for this
disease-associated trait. It is possible that alterations in splicing may also be associated with
the rs1893217(C) risk allele. However, we observed decreased expression of both the 45 and
48kD isoforms of PTPN2 in T cells and analysis of expression of the two isoforms relative
to each other revealed no gross differences in splicing (data not shown). Whether the
rs1893217(C) T1D-associated risk-allele in PTPN2 mediates decreased expression of
PTPN2 directly or is in linkage disequilibrium with one or more other variants responsible
for this phenotype remains to be determined.

The rs1893217(C) risk allele in PTPN2 correlates with two measurable phenotypes:
decreased PTPN2 expression and diminished pSTATS5 in response to IL-2/IL-15. These
findings suggest that PTPN2 does not act directly to dephosphorylate STAT5 in human
CD4" lymphocytes, since one would expect an inverse relationship between PTPN2
expression and pSTATS levels if that were the case. Rather, our results are consistent with a
model in which decreased PTPN2 expression may result in a compensatory increase in the
expression and/or activity of other molecules that regulate IL-2 responsiveness. Preferential
activity of these potential inhibitors towards IL-2Rp chain signaling may occur at the level
of discrete target specificity or cytokine receptor availability. Others have used over-
expression or ablation of PTPN2 in mouse fibroblasts to demonstrate that PTPN2 can act
directly on JAK1, JAK3 and STATS5 leading to decreased cytokine signaling (14,18,21,42).
However, mouse cells express only the 45 kD isoform of PTPN2, while human cells express
both the 45 and 48 kD isoform that have different subcellular localizations. In addition, it is
not known how PTPN2 may alter signaling or T cell biology when expression is reduced in
lymphocytes, as opposed to over-expressed or absent. Interestingly, PTPN2-/- mice are
marked by splenomegaly and lymphadenopathy (21), conditions consistent with impaired
immune regulation, and decreased T and B cell proliferation following antigen receptor
activation (19). These two phenotypes are consistent with reduced signaling reported here.
Our laboratory is currently examining the mechanisms by which reduced PTPN2 expression
may lead to decreased IL-2 and IL-15 responsiveness.
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PTPN2 protein regulates many cytokine and growth factor signaling pathways (18).
Whether the association of autoimmune diseases with genetic risk alleles of PTPN2 is due to
alterations in IL-2R signaling, other biological consequences, or a combination thereof
remains to be established. In fact, it may be that multiple cellular processes and cell types
are affected by IL-2 and PTPN2 expression, providing a combinatorial effect that
contributes to autoimmune pathogenesis. Herein, we demonstrate that in control subjects
stratified by the rs1893217 SNP in PTPN2, the risk allele correlates with decreased
responsiveness to IL-2 and IL-15 and decreased PTPN2 expression. Understanding
mechanisms that may regulate cytokine responsiveness, thereby impacting autoimmune
susceptibility, will aid in the development of targeted therapies.

Materials and Methods

Human Subjects

Genotyping

Samples for this study were obtained from control subjects with no personal or family
history of T1D or autoimmunity who are participants in the JDRF Center for Translational
Research protocol approved by IRBs at both Benaroya Research Institute and Seattle
Children’s Hospital. Subjects provided written informed consent prior to participation in the
study. A total of 109 control subjects (64% female) were used in this study: 51
PTPN2rs1893217(T/T)(mean age 33.6, range 18-57), 47 PTPN2rs1893217(T/C*)(mean age
33.4, range 20-54) and 11 PTPN2rs1893217(C*/C*) (mean age 25.9, range 18-56). The
number of samples used for each assay is indicated in figure legends. All experiments were
performed in a blinded manner without knowledge of genotype.

The CD25rs41295061 (7), PTPN2rs1893217 (5), and PTPN22rs2476601 1858 C/T (43,44)
SNP markers were genotyped using fluorescently labeled MGB-Eclipse system (Nanogen).
The genotyping assay was performed using 10ng of genomic DNA, 0.38U JumpStart™ Taq
DNA polymerase (Sigma-Aldrich), primers and probes in a 5 pl reaction volume according
to the manufacturer’s protocol. PCR was performed and analyzed on an ABI HT7900.

Antibodies and reagents

BD Pharmingen antibodies used include FITC conjugated CD25, AlexaFluor488
STAT5pY694, PE conjugated CD25, CD122, CD132 and STAT5pY 694, PerCP conjugated
CD4, APC conjugated CD4, CD25 and CD45R0, and purified anti-CD3 (UCH11) and anti-
CD28 (CD28.2). Intracellular AlexaFluor647 conjugated anti-FOXP3 (clone 259D) and
matching isotype control was purchased from Biolegend. IL-2 was purchased from Chiron.
IL-7 and IL-15 were purchased from BD Pharmingen. For immunoblots, polyclonal rabbit
anti-JAK1, polyclonal rabbit anti-JAK3 and monoclonal rabbit anti-STATS5 were purchased
from Cell Signaling Technologies. Rabbit polyclonal anti-TFIIB antibody was used as a
loading control (Santa Cruz Biotechnology, Santa Cruz, CA) with horseradish peroxidase
coupled goat anti-rabbit IgG (BD Pharmingen) secondary antibody.
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Flow cytometric analysis for pSTAT5

BD Phosphoflow staining was performed as per manufacturer’s instructions. In brief, 1x10°
thawed PBMC were rested in 1% serum for 1 hr prior to activation. Cells were activated
with different concentrations of I1L-2, IL-7, or IL-15 for 10 or 20min, fixed with Phosflow
Buffer I for 15 min. at 37°C and washed. Fixed cells were permeabilized using BD Phosflow
Buffer 111 on ice for 30min. Cells were then washed and stained at 4°C with antibodies
specific for pPSTAT5(Y694), CD4, CD25, CD45R0, CD132 and CD122. Initial experiments
were performed with freshly isolated PBMC. Similar results were obtained with thawed
PBMC (Supplemental Figure 6). All pSTATS5 data shown here are from previously frozen
PBMC. For some experiments, surface expression of IL-2R components was quantified
using Quantum™ R-PE MESF beads (Bangs Laboratories) to calculate molecules of
equivalent soluble fluorochrome (MESF). Data were acquired using a FACS Calibur and
analyzed using FloJo or Winlist software as diagramed in Supplemental Figure 7.
pSTAT5(Y694) mean fluorescence intensity (MFI) data was normalized between
experiments by determining the MFI fold increase (geometric MFI of the positive
population + geometric MFI of the negative control) as described previously (45).

Isolation and activation of cells

Human peripheral blood was obtained from donors and PBMC were prepared by
centrifugation over Ficoll-Hypaque gradients prior to storage in liquid nitrogen. CD4* T
cells from thawed samples were purified with the CD4* No-touch T cell isolation kit
(Miltenyi Biotec). For some experiments, CD4* T cells were separated further into
CD45R0O™ and CD45RO™ populations using a CD45RO positive selection kit (Miltenyi
Biotec). Accessory cells were obtained by isolating the positive fraction of the CD4* No-
touch magnetic sort.

CD4*CD25™ T cells were activated with 5pg/ml soluble anti-CD3 bound to irradiated (5000
rad) autologous accessory cells at a concentration of 1.5x10%/ml as described previously
(46). Either no cytokine, 1L-2 (200 1U/ml) or IL-7 (10ng/ml) were added at the initiation of
culture. FOXP3 stain was performed as per the manufacturer’s instructions. In order to
reduce variability due to differences in response to TCR stimulation, subjects were selected
that did not carry the PTPN22rs2476601 1858 C/T variant known to alter the degree of TCR
activation (27,32).

Western blot analysis

Expression of IL-2R pathway proteins was analyzed in peripheral CD4* T cells isolated
from fresh PBMC. Whole cell lysates were separated by denaturing SDS polyacrylamide gel
electrophoresis (20 g protein per lane) using NuPage 10% or 4-12% Bi-Tris gels as
indicated by the manufacturer (Invitrogen Inc., Carlsbad, CA) and transferred to Immaobilon
P membranes (Millipore Inc, Billerica, MA). Immunoblots were probed with primary
antibodies followed by horseradish peroxidase coupled secondary antibody. Staining was
detected by chemiluminescence (Perkin-Elmer Life Sciences, Wellesley MA). Protein
expression was quantified by densitometry of films using ImageQuant TL software vs. 7.0
(GE Healthcare, Piscataway, NJ). Values were normalized to TFIIB expression to account
for loading differences for the same sample and expressed relative to Jurkat lysate loaded in
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the same gel to adjust for probing differences between gels. Relative expression values were
natural-log transformed prior to analysis by genotype.

Analysis of PTPN2 expression

Statistics

PCR primers specific for total PTPN2 transcripts (F 5’-
CGGGAGTTCGAAGAGTTGGATA-3’, R5’-CGACTGTGATCATATGGGCTTA-3’), as
well as primers specific for the 45 kD (F 5’-AACAGTGAGAGTGCTCTACGGAAA-3’, R
5-GTTGCCAATATAACCACCTTTTTCT-3") and 48 kD splice variants (same F primer as
45 kD variant, R 5’-CTGTCAATCTTGGCCTTTTTCTT-3’), were used to assess PTPN2
RNA levels and expression was normalized to GAPDH levels (F 5’-
GAGTCAACGGATTTGGTCGTAT-3’,R5’-
TGGAACATGTAAACCATGTAGTTGAG-3’) in the same sample and expressed relative
to a Jurkat cell control.

For HapMap analysis, the quantile normalized array expression data from the CEU parents
for total PTPN2 (both isoforms) and for the 48kD splice variant were downloaded from the
Sanger Institute GeneVar website (http://www.sanger.ac.uk/humgen/genevar/) along with
the expression data for GAPDH as a control. Analysis of the 45 kD splice variant was not
possible in the HapMap data set due to the absence of a probe for this transcript. PTPN2
genotype for rs1893217 was determined directly for T cell samples and was downloaded
from the HapMap Website (http://hapmap.ncbi.nim.nih.gov/) for B-cell lines of CEU
parents.

The association analysis of PTPN2 expression and PTPN2 genotype was performed using
PLINK (http://pngu.mgh.harvard.edu/~purcell/plink/) with an additive SNP genotype model
using the “linear” command. Regression coefficients describing the change in PTPN2
expression for each additional copy of the risk allele, standard errors and 95% CI were
estimated. Corresponding p-values were calculated using the Wald’s z-test. In our models,
we also adjusted for sex as a covariate. Association of pPSTAT5 and PTPN2 genotype was
assessed in a similar manner. A Bonferroni correction was made to adjust significance levels
for multiple testing where appropriate.

For analysis of experiments comparing a single variable, statistical significance was
determined using a two-sample or paired student’s t-tests, as noted in the figure legends. If
data was not in Gaussian distribution as determined by quantile-quantile plots using R (47)
(http://R-project.org), data was natural-log transformed if the quantile-quantile correlation
increased after such transformation. Correlations in Figure 2 were determined by linear
regression using GraphPad Prism v4.03. Comparisons with p <0.05 were considered
significantly different unless otherwise noted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. PTPN2rs1893217(C) risk alleleis associated with decreased pSTAT5in CD4™ T cells

respondingto IL-2

Thawed PBMC from control subjects were stimulated with IL-2 prior to fixation and
staining for CD4, CD25, CD45R0 and pSTAT5(Y694). Analysis was performed by gating
on total live CD4* T cells and pSTATS5" cells were determined based on media alone
conditions. (A) The frequency of CD4*CD25* T cells and (B) CD4*CD45RO* T cells that
were pSTAT5(Y694)* upon stimulation with 100 1U/ml IL-2 for 10min was determined for
a subset of subjects stratified by PTPN2rs1893217 genotype. Symbols represent individual
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subjects and bars represent means. Statistical significance was determined by a two-sample
student’s t-test. (C) The frequency of total CD4* T cells that are pSTAT5(Y694)" in
response to different doses of 1L-2 for 20min or 20min was determined for rs1893217 T/
T(n=10), T/C(n=10) and C/C(n=4) control subjects. The average and standard deviation is
shown for each group. An asterisk denotes significant difference from T/T homozygotes and
heterozygotes using a two-sample student’s t-test. (D) A larger cohort of PTPN2rs1893217
T/T(n=40), T/C(n=26), and C/C(n=9) control subjects were stimulated with 100 IU/ml IL-2
for 10min and pSTAT5* was determined for total CD4* T cells. Association analysis of
pSTATS5 upon exposure to IL-2 and PTPN2 genotype was performed using PLINK with an
additive SNP genotype model using the “linear” command, adjusting for gender as a
covariate (p=1.7x1078, Wald’s z-test). (E) MFI Fold increase of total CD4* T cells that are
pSTAT5(Y694)" in response to 100 1U/ml I1L-2 for 10min was compared to no stimulation
for samples stained with PE conjugated pSTATS antibody that are PTPN2rs1893217 T/
T(n=24), T/C(n=21) and C/C(n=9). Boxes represent inter-quartile range (25%-75% of the
samples), middle lines represent the median and lines represent the range of values.
Statistical significance between individual genotypes was determined using a two-sample
student’s t-test.
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Figure 2. Reduced STAT5 phosphorylation in responseto IL-2 in control subjects carrying the
risk allele of PTPN2rs1893217(C) is a stable phenotype

Cells isolated from the same individual but at different dates were assayed as in Figure 1
with 100 1U/ml IL-2 for 10min. Sample collection varied from 5 months to 3.25 years.
Samples assayed were representative of rs1893217(T/T), (T/C) and (C/C) subjects with
mean pSTATS values of 34%, 19% and 10%, respectively. (A) Numbers on the x-axis
represent PTPN2rs1893217(T/T) individuals, letters represent T/C individuals and Roman
numerals represent C/C individuals. Number of months between sampling is noted in
parentheses. The number of months between sampling and genotype did not correlate with
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SD or coefficient of variation as measured by linear regression while (B) values from the 15t
sampling and 2"d sampling of the same subject directly correlated.
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Figure 3. Decreased pSTAT5in CD4™ T cells of control subjects carrying the rs1893217 risk
allele of PTPN2 islinked to impaired IL-2Rf chain signaling

The frequency of CD4* T cells that are pSTAT5* following stimulation for 10 min with
200pg/ml 1L-15(n=15 and 10 for rs1893217(T/T) and (T/C) subjects, respectively) or
40pg/ml IL-7 (n=10 and 9 for (T/T) and (T/C) subjects, respectively) were determined as in
Figure 1. Symbols represent individual subjects and bars represent means. Statistical
significance was determined by a two-sample student’s t-test.
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Figure 4. FOXP3 induction in the presence of IL-2 isimpaired in control subjectscarrying the
risk allele of PTPN2rs1893217

CD4*CD25™ T cells were isolated and activated with 5ug/ml anti-CD3 antibody and
irradiated accessory cells as described in Materials and Methods in the presence of media
alone, 100 IU/ml IL-2, or 10ng/ml IL-7. FOXP3 expression 48hrs following activation was
determined by flow cytometry in PTPN2rs1893217(T/T)(n=17) and PTPN2rs1893217(T/C)
(n=7) control subjects. An asterisk denotes significant difference from media alone using a
paired student’s t-test. Bars represent means + SEM. All control subjects in this experiment
were homozygous for the risk allele of CD25rs41295061(C/C) and do not carry the
PTPN22rs2476601 1858 C/T variant.
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Figure 5. PTPN2rs1893217(C) risk allele correlateswith decreased total PTPN2 RNA levels
PTPN2 RNA levels in CD4*CD45RO* T lymphocytes from genotyped control subjects was

assessed by QPCR for (A) Total PTPN2, (B) 45 kD splice variant, and (C) 48 kD splice
variants. Array expression data was extracted for the HapMap CEU parent LCLs from the
Sanger GeneVar website for (D) Total PTPN2 RNA, (E) 48kD splice variant RNA, and (F)
GAPDH RNA. Ln transformed expression values were tested for association with
PTPN2rs1893217 genotype using PLINK with an additive SNP genotype model using the
“linear” command, adjusting for gender as a covariate. P values <0.017 are considered
significant for CD4*CD45RO T cells and P values <0.025 are significant for LCLs.
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TABLE |

CDA T cell phenotypes stratified by PTPN2rs1893217 genotype

IL-2R expression on CD4 T cells?

rs1893217 genotype
variable T/T (n=15) T/IC(n=10)  pvalue"
CD25 expression 18398 £ 7612 16087 + 7917 0.25
CD122 expression 1892 + 510 2065 * 506 0.31
CD132 expression 1823 £ 571 1685 + 2113 0.50
Expression of IL-2R signaling molecules?
rs1893217 genotype
variable T/T (n=11) T/C (n=9) p value®
JAK1 492+191 4.42 +1.68 0.55
JAK3 250+ 151 271+1.35 0.76
STATS5 6.96 +2.18 6.09 +3.83 0.56
CD4 T cell subsets®
rs1893217 genotype
variable T/T (n=15) T/C (n=10) p value®
% CD4 of CD3 67 £8.9 70+6.8 0.36
% CD45RA 37+13 42+20 0.46
%CD25+CD127lo 344+18 27210 0.17
%FOXP3+ 454+19 53119 0.52
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a . . . . .
Receptor expression was determined by flow cytometry gating on live CD3+CD4+ T cells. Level of expression was measured by MFI and

normalized across samples using MESF beads. Average + SD relative flouresence is shown.
b . . . . .
Protein expression was determined by Western blot. Average + SD relative expression is shown.

CFrequency of T cell subsets was determined by flow cytometry. Average + SD percentage is shown.

*
Determined by two-sample student's t-test.

Genes Immun. Author manuscript; available in PMC 2011 September 01.
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