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Abstract

Background—Autoimmune lymphoproliferative syndrome (ALPS) is a human disorder of T
cell homeostasis caused by mutations that impair Fas-mediated apoptosis. A defining
characteristic of ALPS is the expansion of double negative T cells (DNTC). Relatively little is
known about how defective Fas-driven cell death and the Bcl-2 apoptotic pathway intersect in
ALPS patients.

Objective—We studied changes in Bcl-2 family member expression in ALPS to determine
whether the Bcl-2 pathway might provide a therapeutic target.

Methods—We used flow cytometry to analyze the expression of pro- and anti-apoptotic Bcl-2
family members in T cells from 12 ALPS patients and determined the in vitro sensitivity of ALPS
DNTC to the pro-apoptotic BH3-mimetic, ABT-737.

Results—The pro-apoptotic molecule, Bim was significantly elevated in DNTC. Although no
general pattern of individual anti-apoptotic Bcl-2 family members emerged, increased expression
of Bim was always accompanied by increased expression of at least one anti-apoptotic Bcl-2
family member. Strikingly, Bim levels in DNTC correlated significantly with serum interleukin-10
(IL-10) in ALPS patients and IL-10 was sufficient to mildly induce Bim in normal and ALPS T
cells via a Jak/STAT3-dependent mechanism. Finally, ABT-737 preferentially killed ALPS
DNTC in vitro.

Conclusion—Combined, these data show that an IL-10/Jak/STAT3 pathway drives Bim
expression in ALPS DNTC, which renders them sensitive to BH3-mimetics, uncovering a
potentially novel therapeutic approach to ALPS.
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Introduction

Maintenance of T cell homeostasis is critical for normal functioning of the immune system.
Regulated induction of apoptosis is required to maintain T cell homeostasis and is controlled
largely by two largely independent pathways, the extrinsic, or death receptor-driven pathway
and the intrinsic, or Bcl-2-regulated pathway. Defects in either pathway result in disorders
that are characterized by lymphoproliferation (including lymphoma), abnormal responses to
infection and autoimmunityl: 2. Thus, appropriate regulation of both extrinsic and intrinsic
apoptotic pathways is essential for maintaining T cell homeostasis.

Autoimmune Lymphoproliferative Syndrome (ALPS) is an example of a genetic disorder of
lymphocyte apoptosis caused by defects in the FAS-mediated cell death pathway3. The
majority of ALPS cases are caused by a germline heterozygous mutation in the FAS
receptor® °. Somatic mutations in the FAS receptor and mutations in FAS ligand or the
apoptosis-inducing effector enzyme, caspase-10, are additional causes for ALPS®-2,
Mutations in NRAS, KRAS and caspase 8 have also been reported to cause ALPS-like
disorders10-13, and about one third of ALPS cases do not have a known genetic causel?.
ALPS is manifested by chronic non-malignant lymphoproliferation, autoimmunity and
increased risk of lymphomal® 16, The signature of the disease is an expanded homogenous
population of T cells that is T cell receptor (TCR) ap+ CD4- CD8- and co-expresses
B22016-18 so-called double negative T cells (DNTC).

The role of DNTC in ALPS disease is also controversial. In lymphoproliferative (Ipr) mice,
which have a homozygous Fas receptor mutation, DNTC can make IL-17, which likely
contributes to disease progression®. However, in humans DNTC do not appear to be major
producers of 1L-17 or IFN-y although they express both granzyme B and perforin18 2021,
Further, ALPS patients have dramatic elevations in circulating IL-10 and DNTC are the
dominant producers of 1L-10 when assessed ex vivo?2. Although immunosuppressive
therapy of ALPS patients decreases DNTC and serum IL-10 levels?3, the roles of DNTC and
IL-10 remain unclear.

Although DNTC can arise in animals with defects in either the extrinsic or intrinsic cell
death pathway, DNTC origin appears pathway-specific. The presence in most Ipr mice of
CD8'° cells that express TCRa/p, which are likely DNTC precursors?4-26, and the absence
of DNTC in B-2microglobulin-deficient Ipr mice suggest that DNTC arise from
overstimulated CD8+ T cells. Consistent with this, one study found an extensive overlap of
particular CDR3 sequences between DNTC and CD8+ T cells in ALPS patients, sequences
that were not represented in CD4+ T cells2”. Chronic stimulation regimens often induce the
death receptor pathway?8, suggesting that chronic stimulation of CD8+ T cells may facilitate
their elimination via Fas-driven death, while in the absence of Fas signaling, CD8 is lost,
and B220+ DNTC accumulate. In contrast, mice that lack expression of Bim or overexpress
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Bcl-2 also accumulate DNTC, but these cells lack B220 expression219, However, why the
intrinsic cell death pathway is not sufficient to control DNTC in ALPS patients remains
unclear.

Indeed, while the apoptotic defect in ALPS results from defective Fas signaling, the role of
the intrinsic apoptotic pathway in ALPS pathophysiology is not known. There appear to be
overlapping roles for the extrinsic and intrinsic apoptotic pathways in murine T cell
homeostasis3C. In ALPS patients, steady-state Bim levels were elevated in some patients and
repeated TCR stimulation of CD8+ T cells from these patients slightly increased Bim
levels3®. However, baseline levels of Bcl-2 family members have not yet been examined
extensively in T cell subsets from ALPS patients. Here, we report a dysregulated Bcl-2
pathway in ALPS, most notably that DNTC from ALPS patients have significantly increased
levels of Bim. We also show that interleukin-10 signaling through STAT3 contributes to this
increased Bim expression. Lastly, we investigated whether this dysregulated expression of
Bim could facilitate DNTC targeting by a drug that suppresses the activity of anti-apoptotic
Bcl-2 family members32-34, ABT-737 binds to and suppresses the anti-apoptotic effects of
Bcl-2, Bel-xL and Bel-w (but not Mcl-1 or A134) and prevents their ability to neutralize pro-
apoptotic Bcl-2 family members32. Further, we have previously shown that treatment of
normal mice with ABT-737 promotes the Bim-dependent loss of T cells3®. Our results with
this approach suggest that it could be useful for targeting these cells in patients with ALPS
or other disorders of immune dysregulation.

Human Subjects

Patients were evaluated at Cincinnati Children’s Hospital Medical Center. Blood samples
were taken after informed consent was obtained according to an Institutional Review Board
research protocol. Control samples were obtained from healthy volunteers associated with
the Cincinnati Children’s Hospital Diagnostic Immunology Laboratory. Samples were held
at room temperature before analysis.

Clinical data, genetic mutations, DNT cell percentage and cytokine level data were obtained
from medical records. Peripheral blood mononuclear cells (PBMC) from patients and
controls were separated from whole blood by density gradient centrifugation using Ficoll-
Paque Plus (GE Healthcare, Pittsburgh, PA). Cells were then washed, pelleted and stained
for flow cytometry, cultured or frozen in FBS with 10% DMSO (Sigma-Aldrich, St Louis,
MO).

Flow Cytometry

Fresh or thawed human PBMC’s were incubated with human IgG (Sigma-Aldrich, St Louis,
MO) to block Fc receptors then stained with combinations of the following cell-surface
antibodies: anti-CD3, -CCR7 (BD Biosciences, San Jose, CA), -CD4, -CD45R0O
(BioLegend, San Diego, CA), -CD8, -CD45RA and -B220 (eBioscience, San Diego, CA).
Intracellular staining was performed with one of the following antibodies: anti-Bim, -Bcl-xL
(Cell Signaling Technology, Beverly, MA), -Bcl-2 (Caltag Laboratories, Burlingame, CA), -

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Niss et al.

Cell culture

Page 4

Mcl-1 (Rockland, Gilbertsville, PA), -A-1 (AbCam, Cambridge, MA) or anti IL-10RA
(EMD Millipore, Billerica, MA). For detection of Phospho-Stat3, Human PBMC’s were
incubated for 2 h at 37°C, stained for cell surface CD3, then stimulated with 50 ng/ml of
recombinant human IL-10 (PeproTech, Rocky Hill, NJ) for 20 min. The cells were then
washed, fixed, permeabilized, and stained with anti-phospho-Stat3 (Tyr705) (Cell Signaling
Technology, Beverly, MA). For evaluation of cell viability, cells were stained with 7AAD
stain or the Blue Live/Dead Fixable Dead Cell Stain kit (Life Technologies, Grand Island,
NY). A minimum of 2.5 x10° events was acquired on a BD LSR Il or BD FACSCanto flow
cytometer and analyzed by FACSDiva (BD Biosciences). In order to convert MFI to MESF
values, we used Cyto-Cal™ Multifluor plus Violet Fluorescence Intensity Calibrator
(Thermo Scientific, Pittsburgh, PA). The beads were run on the cytometer at the same time
as we acquired samples, using the same PMT voltage and compensation settings. The data
were analyzed using the Cali curve data analysis program, according to the manufacturer’s
instructions.

PBMC’s from ALPS patients or normal controls were cultured in RPMI 1640 media
(supplemented with 2 mM I-glutamine, 10 mM HEPES, 100 1U/ml penicillin, 200 mg/ml
streptomycin, 10% FBS) at 37°C in 5% CO,.

ABT-737, a generous gift of Abbott Laboratories, was dissolved in DMSO, and diluted in a
solution composed of 35% polyethylene glycol, 5% Tween-80, and 65% dextrose in water.
Human cells were cultured in the presence of the indicated ABT-737 concentration or
vehicle overnight. Cells were washed, stained and cell viability was determined by flow
cytometry as above. In order to account for the rate of spontaneous apoptosis in vitro, the
percentage of cell survival was calculated according to the following formula: percentage of
cell survival = 100 - {[(% live cells in vehicle-% live cells treated)/ % live cells in vehicle]
x100%}. For exogenous IL-10 culture experiments: human PBMC’s from normal controls
were incubated in the presence or absence of 50 ng/ml recombinant human IL-10 for 12
hours before or after T cell activation. Cells were activated for 3 days with 2 pg/ml plate-
bound anti-CD3 (OKT3 mAb) and 2 pg/ml anti-CD28 (eBioscience, San Diego, CA), + 25
IU/ml recombinant human IL-2. ALPS PBMC’s were incubated in the presence or absence
of 50 ng/ml recombinant human IL-10 for 12 hours in the presence of IL-2. Cells were then
harvested, washed and stained for surface markers and intracellular Bim. In some
experiments cells were incubated with 7.5 uM Stattic V, a STAT3 inhibitor (Santa Cruz
biotechnology, Santa Cruz, CA) or 250 nM Ruxaolitinib, a Jak1 inhibitor (LC Laboratories,
Woburn, MA) for 45 minutes prior to adding 1L-10.

Statistical analysis

Statistical significance was estimated using a two-sample paired student t-test or Wilcoxon
matched-pairs signed rank test. For estimation of significance for Bim elevation, a one-
sample t-test was used to compare mean values to a value of 1. Associations between
cytokine level and Bim were assessed by separate linear regression of each cytokine to Bim
level. All statistical analyses were performed using Prism 6.0 (GraphPad Software Inc.) and
differences were considered significant at P < 0.05.
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Results

Bim is elevated in ALPS T cells

While ALPS is a disorder of the extrinsic apoptotic pathway, little is known about the role of
the intrinsic pathway of apoptosis in ALPS. Its importance is suggested by a report that
showed that a patient with an ALPS-like syndrome had a mutation in NRAS that resulted in
decreased expression of Bim10, Conversely, repeated TCR stimulation of CD8+ T cells from
other ALPS patients increased Bim levels3L. To determine whether Bim levels were altered
in ALPS patients at baseline, we examined the expression of Bim and other Bcl-2 family
members in 12 ALPS patients (Tablel). The cohort includes patients with germline Fas
mutations, one patient with a somatic Fas mutation and one patient with unknown mutations.
All patients met the criteria of definite ALPS diagnosis'4, and blood draws were performed
prior to initiation of significant immunosuppressive therapy. All 12 patients showed
lymphoproliferation and 10 out of 12 had autoimmune cytopenia. DNTC percentages ranged
from 2.3%-23% of total lymphocytes. Bim levels were elevated in all CD4+ and CD8+ T
cell subsets (naive, memory, DNTC) from ALPS patients relative to healthy controls. As
normal controls essentially lack a detectable DNTC B220+ population, but have a detectable
population of DNTC, we compared Bim expression in DNTC in normal controls.
Interestingly, the largest increase in Bim was observed in DNTC, with a mean 3-fold
increase (range = 1.2-5.6 fold) (Figure 1A). Bim expression was significantly elevated in
DNTC compared to CD4 and CD8 T cells in ALPS patients (P=.004 and .01 respectively).
These data were pooled from several experiments in which one or two ALPS patients were
compared with one or two healthy controls; in every instance, Bim levels were consistently
higher in the ALPS patients. Similar results were obtained when we used a bead
quantification method to convert Bim MFI into MESF (molecules of equivalent soluble
fluorochrome) (data not shown). Thus, Bim expression is increased in ALPS.

Different anti-apoptotic Bcl-2 members are elevated in ALPS

It seemed paradoxical that Bim was elevated in DNTC despite their accumulation in ALPS.
However, our previous work showed that Bim is also increased in long-lived memory T
cells, but is balanced by increased levels of the anti-apoptotic molecule, Bcl-2, which allows
cells to survive high levels of Bim by blocking Bim induction of apoptosis3®. To determine
whether increased expression of an anti-apoptotic Bcl-2 family member similarly
accompanies the increased expression of Bim within DNTC, we measured the levels of four
anti-apoptotic Bcl-2 family members (Bcl-2, Bel-xL, Mcl-1 and A-1) in DNTC. In contrast
to our previous observation with CD8+ T cells in normal mice, in which increased Bim
levels were generally antagonized by increased levels of Bcl-2 is the major antagonist of
Bim3® 36 no single anti-apoptotic molecule was consistently elevated in DNTC from all
ALPS patients. Instead, different anti-apoptotic molecules were elevated in different ALPS
patients (Figure 2). Usually, the same anti-apoptotic molecule(s) was increased in the
different T cell subsets in the same patient. In every ALPS patient, at least one anti-apoptotic
molecule was elevated in DNTC (Figure 2F), suggesting that, depending upon the ALPS
patient, different anti-apoptotic molecules antagonize Bim to allow T cell survival.
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IL-10 levels are correlated with Bim levels in DNTC and both are reduced with
immunosuppressive therapy

Because serum IL-10 is elevated in ALPS patients?2: 23.37 and DNTC are thought to be the
major source of 1L-10,20: 22 we evaluated whether serum IL-10 levels correlated with DNTC
Bim levels. Strikingly, there was a strong correlation between serum IL-10 levels and DNTC
Bim levels in DNTC in our ALPS patients (Figure 3A). Patients with the highest IL-10 level
had the largest increase in Bim (P=0.0002 and r=0.90). This strong correlation was not seen
with IL-6, another serum cytokine that was elevated in some of our patients (n=7) (Figure
3B). As previously reported,23 we noted a decrease in serum IL-10 level and DNTC in four
ALPS patients after immunosuppressive therapy was started (Figure 3C and D).
Interestingly, Bim levels in DNTC also decreased to almost normal levels in these patients
(Figure 3E). Together, these data show that immunosuppressive therapy decreases I1L-10
levels, reduces DNTC levels, and decreases DNTC Bim expression in vivo.

IL-10 mildly increases Bim level in normal and ALPS T cells

These observations raised the possibility that IL-10 might promote T cell Bim expression.
To evaluate this possibility, we separately cultured PBMCs from normal controls and ALPS
patients with or without IL-10 and measured Bim levels 24 hours later. IL-10 increased Bim
levels in CD4+ and CD8+ T cells from normal controls (Figure 4A, B), as well as in DNTC
from ALPS patients (Figure 4C). Because IL-10 signals via a Jak1-Stat3 pathway38, we next
used pharmacologic inhibition to block signaling through Jak1 (Ruxolitinib)3°. As expected,
IL-10 drove phosphorylation of STAT3, which was largely inhibited by ruxolitinib (Figure
4D). Further, ruxolitinib significantly reduced IL-10-driven Bim expression in both normal
and ALPS patients’ T cells, but ruxolitinib did not significantly affect Bim levels in the
absence of IL10 (Figure 4A-C). Similar effects were seen with other Jak and Stat3 inhibitors
(data not shown). It has also been shown that up-regulation of the I1L-10 receptor (IL-10R) is
essential for its function in neutrophils#® and that IL-10R down regulation can render T cells
insensitive to 1L-1041 42,

This suggested that enhanced Bim upregulation in vivo might be partly related to
upregulation of IL-10R in ALPS DNTC. To examine this, we assessed the expression of
IL-10R in different T cell subsets in 4 ALPS patients. DNTC from ALPS patients expressed
slightly, albeit significantly, more IL-10R than normal controls (Figure 4E) Together, these
data show that IL-10 can promote Bim expression in a Jak1/STAT3-dependent manner and
may have this effect in ALPS.

DNTC in ALPS are preferentially sensitive to the BH3 mimetic agent ABT-737

The increased expression of Bim within DNTC should increase their sensitivity to drugs
such as ABT-737, which specifically targets the endogenous Bim antagonists Bcl-2 and Bcl-
XL, and, by doing so, should promote DNTC death. To test this, we cultured PBMC’s from
six different ALPS patients with increasing concentrations of ABT-737. DNTC from ALPS
patients showed increased sensitivity to killing by ABT-737 compared to cells from normal
controls (Figure 5A). Interestingly, CD4 and CD8 T cells from ALPS patients were
relatively spared at concentrations that significantly killed DNTC (Figure 5B and C). This
effect of ABT-737 on DNTC is consistent with the higher expression of Bim in DNTC

J Allergy Clin Immunol. Author manuscript; available in PMC 2016 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Niss et al. Page 7
compared to CD4 and CD8 T cells (as noted in Figure 1, Bim expression was significantly
higher in DNTC than either CD4+ or CD8+ T cells from ALPS patients). These results
suggest that the Bcl-2 pathway may be a potential therapeutic target in ALPS that can
facilitate the selective targeting of DNTC population in ALPS.

Discussion

T cell homeostasis is ultimately controlled by two distinct apoptotic pathways, the death-
receptor or extrinsic pathway, and the Bcl-2-regulated or intrinsic pathway. While it is well-
known that defects in either pathway are sufficient to disrupt T cell homeostasis, recent
work has suggested that there are partially redundant roles of both pathways. Indeed,
repeated stimulation of ALPS patients’ T cells increased expression of Bim, suggesting
potential involvement of Bim in Fas-driven death signaling3®. Further, although ALPS is
generally due to defects in Fas signaling, one report showed that a patient with an ALPS-like
disorder had a mutation in N-RAS which resulted in decreased expression of Bim19,
Moreover, combined loss of both apoptotic pathways in mice leads to more severe
accumulation of T cells*3-45: however, the degree to which the Bcl-2 pathway is disturbed
in humans with death receptor defects has not previously been investigated. Here, we found
that Bim is significantly increased in DNTC and may make anti-apoptotic molecules in these
cells a therapeutic target.

Given previous data showing the importance of the anti-apoptotic molecule Bcl-2 in
antagonizing Bim3> 36 it is intriguing that we failed to observe consistently increased
expression of Bcl-2 in DNTC in all of our ALPS patients. Instead, in this cohort, we did not
find a unique anti-apoptotic molecule that antagonizes Bim, but rather that individuals had
distinct elevations in one or more anti-apoptotic molecules. Because Bcl-xL, Mcl-1, and Al
can all antagonize Bim#648 it is possible that increases in any of these molecules may
allow DNTC in ALPS patients to tolerate increased Bim expression. Interestingly, the two
ALPS patients without germline FAS mutations had elevations in Bcl-xL and Al — two
molecules that are controlled by co-stimulatory molecule-driven NF-kB signaling®®-51—
while the majority of patients with germline mutations in Fas had more impressive increases
in Bcl-2 or Mcl-1 — molecules that are largely controlled by cytokine signaling®2: 3,
However, more somatic ALPS patients will need to be studied to determine whether this is
the case.

Our data also show a significant correlation between Bim level in DNTC and serum IL-10,
but not IL-6. Further, immunosuppressive treatment normalized DNTC, I1L-10 levels and
Bim expression. While the treatment data are correlative, our culture data show that IL-10 is
sufficient to increase Bim expression in DNTC and that blockade of Jak/STATS3 signaling
prevents IL-10-driven increased Bim expression. In the course of this work, another study
was published showing an IL-21/STAT3 pathway leading to increased expression of Bim in
mouse dendritic cells®*. Our data are consistent with this and suggest that 1L-10/Jak1/
STAT3 signaling also contributes to increased Bim expression in DNTC in ALPS patients.
In addition, dysregulation of Jak/STAT signaling is reported in Ipr mice, and is thought to
play role in mediating kidney damage® 56. Jak inhibitors and the tyrosine kinase inhibitor
imatinib were successful in ameliorating renal disease in Ipr mice®® 57, This suggests that
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dysregulated Jak/STAT signaling can serve as a potential therapeutic target in ALPS in
future studies.

The ability of IL-10 to increase Bim expression is also consistent with previous data
describing pro-apoptotic effects of 1L-10. Overexpression of IL-10 in cardiac allograft
mouse models showed significantly increased apoptosis of alloreactive CD4+ and CD8+ T
cells®®-60, with an accompanying increased expression of another pro-apoptotic Bcl-2
family member, Bax®®. In addition, 1L-10 enhances lymphocyte apoptosis from SLE patients
and other patients with activated lymphocytes but has no effect on apoptosis of normal
lymphocytes in vitro81. Moreover, IL-10 enhances the sensitivity of immunoregulatory
double negative T cells to activation-induced cell death®2 63, However, consistent with
previous studies, we found that while DNTC have an increased rate of spontaneous
apoptosis in vitro, IL-10 does not appear to alter this, despite mildly increasing Bim
expression22: 64,

While Bim levels are clearly increased in DNTC in ALPS patients and I1L-10 significantly
increases Bim levels in DNTC in vitro, the magnitude of increased Bim expression was
much greater in the former. We envision several potential explanations for this discrepancy.
First, our in vitro model does not mimic prolonged exposure to the high circulating levels of
IL-10 that are observed in vivo. Second, the effect of IL-10 in vivo may involve the effects
of IL-10 on other cells that synergizes with the effects of IL-10 on DNTC. Third, IL-10 may
be partially responsible for Bim induction and additional, 1L-10-independent factors are
needed to fully induce Bim. For example, cytokine withdrawal can lead to increased
expression of Bim via AKT/FOXO signaling®®, and while IL-10 is in abundance, other
homeostatic cytokines such as IL-7 and/or IL-15 may be limiting due to lymphadenopathy
and expansion of DNTC. Such limited cytokine availability may enhance expression of Bim
in DNTC. Alternatively, because TCR stimulation has also been shown to increase
expression of Bim®6: 67 chronic TCR stimulation of DNTC may underlie their increased
Bim expression. Thus, while IL-10 likely contributes to increased expression of Bim in T
cells, further work is required to determine whether additional mechanism(s) contribute.

Lastly, we explored the dysregulated Bcl-2 pathway as a potential therapeutic target in
ALPS. Because we had previously shown that the effect of ABT-737 required Bim3°, we
reasoned that the increased expression of Bim in ALPS DNTC might render them
hypersensitive to ABT-737. Because ABT-737 inhibits Bcl-2, Bcl-xL and Bcl-w, but not
Mecl-1 or A-1%8 we also tracked expression of these molecules in ALPS patients’ DNTC,
with the idea that ABT-737 should be more effective in patients whose T cells has elevated
levels of Bcl-2, Bel-xL, and/or Bel-w. As expected, at higher doses, ABT-737 killed all T
cells and acted as a lympholytic agent in all patient samples and in normal controls. Notably,
ABT-737 demonstrated selective killing properties in ALPS. Indeed, in ALPS patients the
DNTC were more sensitive to killing by ABT-737 compared to normal controls. In addition,
we were able to target DNTC at doses that relatively spared their counterparts in normal
controls and the other T cell subsets in ALPS patients. Interestingly, we did see a difference
in the sensitivity of DNTC in ALPS patients with high Bcl2 and/or Bcl-xL compared to one
patient with low expression of both Bcl-2 and Bcl-xL, suggesting that anti-apoptotic
expression, in addition to Bim, determines the sensitivity of DNTC to this agent. Thus,
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while DNTC with high Bcl-2 and/or Bcl-xL can be targeted by ABT-737, cells in patients
expressing higher levels of Mcl-1 may be targeted by the Mcl-1 inhibitor, obatoclax.5°
Moreover, a new chemical probe has been tested in vitro that has successfully targeted the
anti-apoptotic molecule A-1 with high specificity’?. The difference in DNTC sensitivity
observed in patients with different Bcl-2 and Bcl-xL expression was promising. However
this needs to be studied in a larger cohort of patients, to prove the effect of anti-apoptotic
molecules expression on killing properties of BH3 mimetics in ALPS.

Thrombocytopenia has been proven to be a dose-limiting toxicity with ABT-737 and its
related oral agent, navitoclax, in cancer clinical trials due to their effect on Bel-xL'1.
However, ABT-199 has recently been developed that retains much of the anti-tumor efficacy
of ABT-737, but lacks the substantial thrombocytopenic effect’2, likely due to its Bcl-2
specificity. Further, the continued discovery of new compounds that target various anti-
apoptotic Bcl-2 members with high specificity’% 73 and potentially novel delivery methods
to enhance target cell specificity, such off target effects of anti-Bcl-2 family member drugs
may be substantially reduced. In support of our findings, another group presented data at a
recent meeting of the American Society for Hematology meeting that ABT-737 caused
significant reduction in lymphoproliferation in Ipr mice and that DNTC were more sensitive
to killing by ABT-737 (Dowdell et al. abstract 695. ASH 2011). Further, ABT-737 was also
effective in treating animal models of arthritis and lupus.”4, suggesting potential roles in
restraining autoreactive T cells. Together, these data suggest a promising role for Bcl-2
family inhibitors in treating non-malignant disorders of immune dysregulation, although
more pre-clinical studies are necessary.

In summary, we show that the Bcl-2 pathway is dysregulated in ALPS, a human disorder of
the extrinsic apoptotic pathway. Bim is significantly elevated in T cells of ALPS patients, at
least partially through an 1L-10/Jak/Stat3 mechanism. We also show that ABT-737, a pro-
apoptotic BH3-mimetic that targets the Bcl-2 pathway, can have a promising role in treating
ALPS by targeting the pathologic lymphoproliferative DNTC, rather than global
lympholysis. Finally, our work provides new insight into the overlap between Fas and Bcl-2
pathways in a human disorder of T cell homeostasis.
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Figure 1. Bim is increased in all T cell subsets of ALPS patients
The average fold increase in Bim mean fluorescence intensity (MFI, + standard error of

mean) in naive CD4+ (CD4n), memory CD4+ (CD4m), naive CD8+ (CD8n), memory
CD8+ (CD8m) and double negative T cells: CD3+CD4-CD8-B220+(DNTB220+) from
PBMC’s. CD3+CD4-CD8-B220+ cells in ALPS patients were compared to
CD3+CD4-CD8- cells in healthy controls, because the former are immeasurable in healthy
controls.
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Figure 2. The expression of anti-apoptotic Bcl-2 molecules is heterogeneous in ALPS
The fold change in the MFI (= SEM) of different Bcl-2 family members in PBMC’s of 12

ALPS patients versus healthy controls in (A) naive or (B) memory CD4 cells, (C) naive or
(D) memory CD8 cells, and (E) CD3+CD4-CD8-B220+ cells. (F) The relative expression
of Bim and different anti-apoptotic molecules in DNTB220+ cells per patient (X-axis).
Dashed horizontal line represents the expression in healthy controls (ratio of 1). * Two data

points are outside the axis limit.
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Figure 3. Serum IL-10 level correlates with Bim before and after therapy
Results show the correlation of the increase in Bim expression in DNTC and serum (A)

IL-10 or (B) IL-6 levels. Dashed lines represent the 95% confidence interval. The change in
(C) serum IL-10, (D) the percentage of CD3+CD4-CD8- T cells and (E) Bim fold increase
in DNTC of four ALPS patients after therapy. Dashed horizontal line represents the
expression in healthy controls.
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Figure 4. Exogenous IL-10 partially up-regulates Bim in normal T cells and ALPS DNTC in a
Jak-dependent manner

Fold change in Bim expression in (A) CD4+, (B) CD8+, and (C) DNTC after culture with
IL-10 +/- ruxolitinib. (D) pSTAT3 staining in T cells cultured in media or IL-10 +/-
ruxolitinib. (E) IL-10 receptor MFI (£ SEM) in CD3+CD4+, CD3+CD8+ and
CD3+CD4-CD8-B220+ in ALPS patients and normal controls. Representative of three

independent experiments with similar results.
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Figure 5. DNTC in ALPS are more sensitive to Killing by ABT-737
(A) The percentage of DNTC survival after culture with ABT-737 in ALPs patients and

controls. (B) The percentage of DNTC and CD4 T cell survival after culture with ABT-737
in ALPS patients. (C) The percentage of DNTC and CD8 T cell survival after culture with
ABT-737 in ALPS patients. Data are representative of 3 independent experiments in 6
ALPS patients. Points represent mean = SEM
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