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Summary
Autoimmune lymphoproliferative syndrome (ALPS) is a disorder of T cell dysregulation caused by
defective Fas-mediated apoptosis. Patients with ALPS can develop a myriad of clinical
manifestations including lymphadenopathy, hepatosplenomegaly, autoimmunity and increased rates
of malignancy. ALPS may be more common that originally thought, and testing for ALPS should be
considered in patients with unexplained lymphadenopathy, hepatosplenomegaly, and/or
autoimmunity. As the pathophysiology of ALPS is better characterized, a number of targeted
therapies are in preclinical development and clinical trials with promising early results. This review
describes the clinical and laboratory manifestations found in ALPS patients, as well as the molecular
basis for the disease and new advances in treatment.
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Autoimmune lymphoproliferative syndrome (ALPS) is a disorder of disrupted lymphocyte
homeostasis caused by defective Fas-mediated apoptosis (Fig 1). As part of the normal down-
regulation of the immune response, activated T lymphocytes upregulate expression of Fas,
while activated B and T lymphocytes upregulate expression of Fas ligand (Nagata & Golstein,
1995). Fas and Fas ligand interact through the Fas-activating death domain (FADD) to trigger
the caspase cascade, leading to proteolysis, DNA degradation, and apoptosis. Patients with
ALPS have a defect in this apoptotic pathway, leading to chronic lymphoproliferation,
autoimmune manifestations, and a propensity to develop malignancies (Bleesing, 2002).

ALPS is a rare disorder first characterized in the 1990s in a cohort of patients with chronic
lymphoproliferation and an increased number of a T cell population termed ‘double negative
T cells’ (DNTs; cell phenotype CD4−/CD8−, CD3+, TCRαβ+) (Sneller et al, 1992). DNTs
typically represent a small subset of T cells (<1%) in peripheral blood in unaffected individuals
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(Bleesing et al, 2002). These patients had clinical features resembling two mouse models of
autoimmunity, lpr and gld. Lpr and gld mice were later shown to have defective Fas-mediated
apoptosis with homozygous mutations in the FAS and FASLG genes, respectively (Watanabe-
Fukunaga et al, 1992; Takahashi et al, 1994). Patients with lymphoproliferation and
autoimmunity were subsequently confirmed to have similar genetic defects to the lpr and gld
mice and were classified as having ALPS (Fisher et al, 1995; Rieux-Laucat et al, 1995).

Clinical manifestations
Under the original classification system proposed by the National Institute of Health ALPS
(NIH-ALPS) group, in order for a patient to be diagnosed with ALPS, they must meet three
mandatory criteria: (1) clinically identifiable, non-malignant, chronic lymphoproliferation; (2)
elevated DNTs; and, (3) in vitro evidence of defective Fas-mediated apoptosis (Table Ia)
(Bleesing, 2002). Supportive but non-diagnostic evidence for ALPS includes genetic mutations
in the Fas pathway (FAS, FASLG or CASP10) and/or systemic auto-immunity (Rieux-Laucat
et al, 2003). However, these criteria may need modification, as recent reports have identified
patients who have ALPS by the ‘gold standard’ in vitro apoptosis assay but do not meet all
three diagnostic criteria (Holzelova et al, 2004).

Lymphoproliferation is the most common clinical manifestation in patients with ALPS and
can manifest as lymphadenopathy, hepatomegaly, or splenomegaly (van der Werff ten Bosch,
2003). To be diagnosed with ALPS, lymphoproliferation must be chronic (>6 months) and, if
limited to adenopathy, must affect at least two distinct nodal groups (Jackson & Puck, 1999).
Lymphadenopathy and splenomegaly are very common in ALPS patients, as over 80% of
patients have lymphadenopathy and over 85% of patients have splenomegaly (Jackson & Puck,
1999; Straus et al, 1999). Hepatomegaly is found in approximately 45% of patients (Bleesing,
2003). The majority of patients present with lymphoproliferation at a young age (median 11·5
months) (Bleesing, 2003). Nevertheless, patients have been described who did not develop
symptoms until after adolescence (Bleesing, 2002; Wei & Cowie, 2007). Lymphoproliferation
frequently improves with age (typically in later adolescence) and may wax and wane in
severity.

Autoimmunity is the second most common clinical manifestation found in ALPS patients.
Systemic autoimmunity is the disease manifestation most frequently requiring medical
intervention(s). Autoimmune destruction of blood cells is the most common presentation of
autoimmunity in ALPS, affecting over 70% of patients (Straus et al, 1999). This destruction
can be of erythrocytes (autoimmune haemolytic anaemia), platelets (immune
thrombocytopenia) or neutrophils (autoimmune neutropenia). Many patients have destruction
in multiple cell lines. Autoimmune cytopenias can range from mild disease that is only
identified by laboratory testing to chronic severe disease, requiring immunosuppressive
medications (Bleesing, 2002). In many patients, autoimmunity fluctuates and may flare with
systemic insult. As with lymphoproliferation, autoimmune manifestations may improve with
age.

Other autoimmune manifestations are found less frequently, including autoimmune disease of
the kidney (nephritis), liver (hepatitis), joint (arthritis), eye (uveitis), neurological system
(autoimmune cerebellar syndrome) and gut (colitis) (Sneller et al, 1997). Rashes, especially
urticarial, are reported to be common; however, the true incidence is unknown (Bleesing et
al, 2000; Auricchio et al, 2005; Worth et al, 2006). Immune-mediated pulmonary fibrosis,
occasionally with bronchiolitis obliterans/organizing pneumonia (BOOP), is being found at
increased frequency as patients with ALPS are now followed into adulthood (Jackson et al,
1999). As with systemic lupus erythematosis (SLE), almost any organ system can be affected
in ALPS patients. Accordingly, ALPS patients may be erroneously diagnosed as having lupus
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or mixed connective tissue disease. Autoimmune manifestations usually present in early
childhood, and may occur months to years after lymphoproliferation (Bleesing et al, 2000).

Patients with ALPS have an increased risk of developing malignancies (Straus et al, 1999).
The exact risk is unknown but hypothesized to be 10–20% (Straus et al, 2001). Most commonly,
patients develop lymphoma (non-Hodgkin or Hodgkin), but leukaemias, and a number of solid
tumours (thyroid, breast, and liver carcinoma) have been described (Jackson et al, 1999). An
increased risk of cancer has been reported in unaffected family members of patients with ALPS
(Straus et al, 2001). These family members may inherit the same genetic mutations but fail to
develop an overt ALPS phenotype. The increased risk for malignancy in persons with germline
mutations in the Fas apoptotic pathway (FAS, FASLG, CASP10) is understandable, as somatic
mutations in these genes are found in high prevalence in lymphomas in the general population
(Poppema et al, 2004).

Patients with ALPS do not typically develop constitutional symptoms, and with few exceptions,
most ALPS patients do not have an increased risk for infection. A subset of patients with ALPS
has co-morbid common variable immunodeficiency (5–10%) (Campagnoli et al, 2006). ALPS
patients are also reported to have an increased risk of post-splenectomy pneumococcal sepsis,
even with appropriate vaccination and antibiotic prophylaxis (Sneller et al, 1997). Splenectomy
should be avoided in ALPS patients whenever possible. ALPS patients with autoimmune
neutropenia can typically mount a neutrophil response in the setting of infection and are not at
increased risk of invasive infection (Capsoni et al, 2005). On the other hand, the
immunosuppressive medications often required to treat ALPS do increase infectious risk.

Laboratory and radiological findings
Until recently, in order for a patient to be diagnosed with ALPS, he or she must fulfil two
mandatory laboratory diagnostic criteria: (1) elevated DNTs; and (2) defective in vitro Fas-
mediated apoptosis. DNTs are normally present in low numbers (<1%) in the peripheral blood
and lymphoid tissue (lymph nodes and spleen) (Bleesing et al, 2001a). Elevation of DNTs in
peripheral blood and lymphoid tissue is a hallmark of ALPS and was originally thought to be
pathognomic (Rao et al, 2007). Patients with other autoimmune diseases, including SLE and
immune thrombocytopenic purpura have since been reported to have mild elevations in DNTs
(Dianzani et al, 1997; Dean et al, 2002). Marked elevations of DNTs (>5%), however, are only
described in ALPS patients. Of note, severely lymphopenic patients may have falsely negative
elevations in DNTs, as the low total lymphocyte counts may render quantifying any subset by
flow cytometry inaccurate.

DNTs are assessed by flow cytometry in specialized laboratories. It is important to know the
normal value for a particular laboratory, as the percentage of DNTs in normal patients can vary
between laboratories based on gating strategies (Teachey et al, 2005). Measurement of the α/
β-T cell receptor (TCRα/β) in addition to CD4, CD8, and CD3, as natural killer (NK) cells,
NK/T cells, and γ/δ-TCR-expressing double negative T cells can have the immunophenotype,
CD3+/CD4−/CD8−. Patients with ALPS also may have elevations of other lymphocyte subsets,
including CD5+ B cells, CD 8+ T cells, γ/δ-DNTs, CD57+ T cells, and HLA-DR+ T cells
(Bleesing et al, 2001a).

The elevated DNTs in ALPS patients were originally postulated to be merely an
epiphenomenon of the disease; however, the elevated DNTs in ALPS patients may drive
abnormal B cell activity and subsequent autoimmunity (Ohga et al, 2002). The origin of
peripheral blood DNTs is debated, but a recent study suggests they may be a subset of thymic-
derived regulatory T (Treg) cells (Fischer et al, 2005). Another theory is that the DNTs are
CD8+ T cells that have lost CD8 expression, however, recent evidence suggests that may not
be the case (Bleesing et al, 2001b; Marlies et al, 2007).
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The second laboratory criterion for the diagnosis of ALPS is defective in vitro Fas-mediated
apoptosis (Fig 2). Peripheral blood mononuclear cells are isolated from a patient, and T cells
are activated with mitogen and expanded with interleukin-2 (IL-2) in culture for approximately
28 d (Fisher et al, 1995). In normal individuals, mitogen activation and expansion results in
upregulation and priming of the Fas apoptotic pathway. When normal T cells are then exposed
to anti-Fas immunoglobulin M (IgM) monoclonal antibody in vitro, they undergo rapid cell
death and apoptosis (Teachey et al, 2005). Because patients with ALPS have a defect in this
pathway, their cells do not die after exposure to anti-Fas IgM monoclonal antibody (Sneller
et al, 2003). This laboratory test is labour-intensive and expensive to perform, requiring
multiple controls, including positive and negative controls from both the patient and a normal
control to be analysed in tandem. Accordingly, it is only performed in a handful of research
laboratories in the world.

Because DNTs do not survive in culture, the apoptosis assay only identifies Fas defects in
surviving T cells, specifically CD4+ and CD8+ T cells. Thus, only patients with germline
mutations will have abnormal apoptosis assays. Recently, a number of patients with ALPS
have been demonstrated to have acquired somatic mutations in FAS in the DNT compartment
(Holzelova et al, 2004). These patients have elevated DNTs but have normal in vitro apoptosis
and do not meet the old diagnostic criteria for ALPS. To establish diagnosis, patients need to
have mutations identified in flow cytometry-sorted DNTs as compared to other lymphocyte
populations (Holzelova et al, 2004). Only somatic mutations in the FAS gene have been
described with the ALPS phenotype. It is hypothetically plausible that somatic mutations in
other genes causative for ALPS (CASP10, FASLG) may be involved as well. Finally, patients
with germline mutations in FASLG have a normal ‘apoptosis’ assay, as their defect is in the
ligand for Fas and is, as such, unaffected by the anti-Fas antibody in the assay.

Other diseases can have defective Fas-mediated apoptosis, including multiple sclerosis, and
type I diabetes mellitus (Comi et al, 2000; DeFranco et al, 2001). These disorders typically
only have a mild T cell apoptotic defect, usually distinguishable from ALPS by the degree of
apoptotic hindrance. Patients with SLE can also have defective Fas-mediated apoptosis (Cheng
et al, 1994). Unlike ALPS patients, where the underlying defect is intrinsic to the Fas apoptotic
pathway, patients with SLE may have excess soluble Fas in their serum which binds to the Fas
receptor, blocking apoptosis (Cheng et al, 1994). Because SLE and ALPS patients can have a
similar phenotype, with elevated DNTs, autoantibodies, and defective Fas-mediated apoptosis
in vitro, it can be difficult to distinguish the two diseases. As mentioned, patients with ALPS
usually have marked elevations in DNTs; whereas patients with SLE have mild elevations. A
patient with DNTs >5% is unlikely to have SLE. Patients with mild elevation of DNTs and
clinical concern for SLE or ALPS should undergo genetic testing for ALPS-associated
mutations.

Other laboratory abnormalities commonly found in ALPS include B and T cell lymphocytosis,
positive autoantibodies (DAT, anti-platelet, and anti-neutrophil), positive anti-nuclear
antibodies, and polyclonal hypergammaglobulinemia (Bleesing, 2003). Most patients have
elevated IgG levels, but they can also have elevations in IgA or IgM. Nevertheless, a small
subset of patient with ALPS (<10%) have hypogammaglobulinaemia, and a subset of those
patients have common variable immunodeficiency (Jackson et al, 1999; Campagnoli et al,
2006). Patients with ALPS frequently have marked elevated serum levels of IL-10, elevated
serum vitamin B12, and elevated serum Fas ligand (Sneller et al, 1997; Bowen et al, 2008;
Magerus-Chatinet et al, 2009).

Because patients with ALPS can have massive lymphadenopathy and hepatosplenomegaly,
imaging studies are frequently obtained to evaluate for malignancy. Unfortunately, no imaging
modality can accurately distinguish benign from malignant lymphoproliferation, including
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fluorodeoxyglucose positron emission tomography (FDG-PET) because ALPS is FDG-PET
avid (Rao et al, 2006).

Histopathology may help distinguish ALPS from malignant diseases, infections, and other
lymphoproliferative syndromes. Lymph nodes demonstrate marked paracortical expansion of
T cells. Many of these T cells are DNTs, and these are typically negative for CD45RO. Many
of the paracortical lymphocytes express perforin, TIA-1, and CD57, and are CD25 negative
(Lim et al, 1998). Other features commonly found include follicular hyperplasia,
plasmacytosis, and prominent vascularity of the interfollicular areas (Lim et al, 1998; Jackson
& Puck, 1999). Frequently, the T cells demonstrate a high proliferation index with a large
number of mitoses and elevated expression of Ki-67 (Bleesing et al, 2000).

Genetics
Approximately 70% of patients with ALPS have an identifiable genetic mutation (Table II)
(Rieux-Laucat et al, 2003). Almost all of these mutations have been identified in genes
associated with the Fas apoptotic pathway. ALPS is classified into sub-types based on
underlying genetic mutations. Patients with ALPS, type I, have germline mutations in the gene
that encodes Fas protein (FAS; type Ia), the gene that encodes Fas ligand protein (FASLG), or
somatic mutations in FAS (type 1s) (Holzelova et al, 2004). Patients with mutations in genes
in the caspase family are classified as ALPS, type II (mutations in the gene coding for caspase
10, CASP10) (Rieux-Laucat et al, 2003). Patients with no identifiable genetic mutation (20–
30% of patients) are classified as ALPS, type III (Rieux-Laucat et al, 2003).

Mutations in the genes most commonly associated with ALPS (FAS, FASLG and CASP10) are
usually inherited in an autosomal dominant fashion; however, cases with mutations in both
alleles have been reported (Rieux-Laucat et al, 2003). Frequently, the mutated protein functions
as a dominant-negative, inhibiting the function of the wild-type allele (Rieux-Laucat et al,
2003). Most of these genes have variable penetrance. Patients with ALPS will often have family
members with the same genetic alterations with no clinical phenotype, a very mild phenotype
such as mild splenomegaly or borderline cytopenias, or only with increased rates of malignancy
(Straus et al, 1999, 2001). Early data suggested there may be a genotype/phenotype correlation
in ALPS patients based on the type of mutation in FAS (Jackson et al, 1999; Rieux-Laucat et
al, 1999; Vaishnaw et al, 1999). Mutations in the extracellular domain of FAS were found to
be associated with low penetrance and mutations in the death domain were shown to be
associated with high penetrance. Nevertheless, more recent data suggests rather that penetrance
is not related to the type of mutation and is probably dictated by secondary genetic and
environmental modifiers (Fuchs et al, 2009). Based on the inability to predict penetrance based
on genetic mutations, genetic counselling is warranted for all unaffected family members who
inherit a mutation in FAS.

Patients with mutations in CASP8 were originally considered to have ALPS because caspase
8 and caspase 10 have similar functions in the caspase cascade, and patients with CASP8
mutations present with lymphadenopathy and defective Fas-mediated apoptosis (Chun et al,
2002). Patients with ALPS primarily have apoptotic defects in T lymphocytes, although some
patients with ALPS also have mild apoptotic defects in B lymphocytes (Rieux-Laucat et al,
2003). Patients with CASP8 mutations have profound apoptotic defects in B and T
lymphocytes, as well as NK cells (Chun et al, 2002). In addition, patients with CASP8 mutations
are predisposed to mucocutaneous infections with herpes virus (Chun et al, 2002). Thus,
patients with CASP8 mutations are now considered to have a distinct disease.

Until recently, all of the genetic mutations associated with ALPS were found in genes that
impair the extrinsic (Fas-mediated) apoptotic pathway. One patient has been described with
an ALPS-like syndrome with an associated gain of function mutation in NRAS (Oliveira et
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al, 2007). This patient had elevated DNTs, normal Fas-mediated apoptosis, but abnormal
lymphocyte apoptosis with IL-2 withdrawal in vitro. This is the first report of an ALPS-like
phenotype caused by abnormal intrinsic pathway apoptosis.

Differential diagnosis and testing patients with autoimmunity
Patients with ALPS can present with a heterogeneous phenotype, but most frequently have
lymphadenopathy, organomegaly, and autoimmunity. This constellation of clinical findings
can be found in a number of malignant, infectious, autoimmune, and rheumatological
conditions. In addition, patients with other lymphoproliferative disorders, such as Castleman
disease, Rosai-Dorfman disease, X-linked lymphoproliferative disease, Dianzani Autoimmune
Lymphoproliferative Disease, and Kikuchi-Fujimoto disease can present with clinical features
similar to ALPS. At initial presentation, most patients should undergo tissue biopsy (bone
marrow and/or lymph node) to distinguish ALPS from malignancy, other lymphoproliferative
disorders, and infectious processes. Patients with common variable immunodeficiency (CVID)
can also present with lymphadenopathy and autoimmune disease. As a subset of patients with
ALPS have co-morbid CVID, distinguishing between the two diseases can be difficult. More
specific testing for ALPS, including DNT analysis, apoptosis assays, and genetic testing, can
be helpful in distinguishing the conditions.

Evans syndrome, defined by autoimmune destruction of at least two haematological cell types,
(Evans et al, 1951) can also have a similar presentation to ALPS. Recently, a small single
institution trial showed that a significant percentage of children with Evans syndrome have
ALPS (Teachey et al, 2005). This study was confirmed in a multi-institutional paediatric
observational study (Seif et al, 2008). Hypergammaglobulinaemia was found to be a strong
predictor for ALPS in patients with Evans syndrome and elevated DNTs. Four patients in the
study had autoimmunity, markedly elevated DNTs (>5%), and defective in vitro apoptosis
without clinically identifiable lymphoproliferation. These reports suggest that ALPS may be
more common than previously anticipated, and the threshold for screening for ALPS with
DNTs should be low in patients with unexplained autoimmune disease or lymphoproliferation.
Arguably, any patient with a combination of autoimmunity and lymphoproliferation should be
tested for ALPS. Also, any patient with either multi-lineage autoimmune cytopenias and/or
single lineage autoimmune cytopenias and either hypergammaglobulinemia or autoimmune
disease of a second organ system should be tested.

Treatment
Some patients with ALPS require no treatment. Many patients, however, require medications
primarily directed toward autoimmune manifestations, particularly autoimmune cytopenias.
Patients usually respond to short bursts of immunosuppressive medications, including
corticosteroids (Bleesing et al, 2000). Occasionally, patients with severe cytopenias need more
aggressive immunosuppresion. Unlike many non-ALPS patients who have immune-mediated
cytopenias, the cytopenias in patients with ALPS typically do not respond to intravenous
immunoglobulin G; however, a small subset of patients with ALPS do respond (Bleesing et
al, 2000).

After corticosteroids, the immunosuppressant that is the most studied in ALPS patients is
mycophenolate mofetil (MMF, Cellcept). MMF inactivates inosine monophosphate, a key
enzyme in purine synthesis, resulting in inhibition of proliferating T and B lymphocytes
(Izeradjene et al, 2001; Rao et al, 2005). Over 30 ALPS patients have been treated with MMF
with over 80% of patients demonstrating a measurable improvement in autoimmune disease
(Rao et al, 2005, 2009a; Kossiva et al, 2006). Nevertheless, these patients did not have
improvement in lymphoproliferation or normalization of DNTs. Also, many of these patients
had only partial responses. MMF is a well-tolerated medication with relatively few side effects.
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Patients can develop diarrhoea and cytopenias, mostly neutropenia. Cytopenias are
idiosyncratic and thus patients on MMF should be followed closely (Nogueras et al, 2005).

Sirolimus (rapamycin), a mammalian target of rapamycin (mTOR) inhibitor, has also been
studied extensively in ALPS. Sirolimus was first isolated from Streptomyces hygroscopicus
bacteria in the soil of Easter Island (Rapa Nui). Sirolimus has been in clinical use for over 20
years and its toxicities are well-described; (Hartford & Ratain, 2007) it is approved by the U.S.
Federal Drug Administration for use in patients undergoing solid organ transplantation (Abdel-
Karim & Giles, 2008). There has been recent interest in mTOR inhibitors in both malignant
and non-malignant lymphoid diseases, including leukaemia, rheumatoid arthritis, SLE, and
lymphomas (Brown et al, 2003; Fernandez et al, 2006; Teachey et al, 2006a; Smith, 2007;
Bruyn et al, 2008). It was hypothesized that mTOR inhibitors would be beneficial in patients
with ALPS for three compelling reasons: (i) mTOR inhibitors induce cell death and apoptosis
in abnormal lymphocytes; (ii) mTOR inhibitors, unlike most other immunosuppressive
medications, increase peripheral blood regulatory T cells (Tregs); and, (iii) mTOR inhibitors
are safe and well-tolerated (Teachey et al, 2006b). Tregs are a subset of T lymphocytes that
suppress the activation of the immune system, and increasing Treg numbers may improve
autoimmune diseases (Brusko et al, 2008).

Sirolimus was extremely effective in mouse models of ALPS, with better efficacy than
conventional therapies, including MMF (Teachey et al, 2006b). Sirolimus also had marked
activity with documented complete responses in children with refractory autoimmunity and
ALPS (Janić et al, 2009; Teachey et al, 2009). Many of these children had failed multiple
immunosuppressive medications, including MMF. Patients not only had resolution of
autoimmunity, but they also had resolution of lymphadenopathy and splenomegaly. The
majority of patients had normalization of DNTs. No other agent used to treat ALPS has been
shown to normalize DNTs consistently, including corticosteroids.

Common toxicities found in patients taking sirolimus include hypercholesterolemia,
hypertension, and mucositis (Hartford & Ratain, 2007). Sirolimus requires therapeutic drug
monitoring to maximize effect and avoid toxicity, and patient compliance is therefore
important. Sirolimus is metabolized by cytochrome P450 isoenzyme CYP3A4, and certain
drugs and herbal medications (e.g. imidazoles, macrolides, cyclosporine, St. John’s Wort) as
well as grapefruit juice can significantly affect serum drug levels (Hartford & Ratain, 2007).

Chronic exposure to any immunosuppressive agent bears a theoretical risk for development of
secondary malignancies because the immune system is involved in tumour surveillance.
Patients taking immunosuppressive agents after solid organ transplantation have an increased
risk of developing secondary lymphoma (Bakker et al, 2007). In vitro data evaluating
immunosuppressive drugs for mutagenesis in human lymphocyte cultures demonstrated that
tacrolimus and MMF are strongly mutagenic even at low doses; cyclosporine is strongly
mutagenic but only at high doses; and sirolimus is not mutagenic unless given at very high
concentrations and then is only weakly mutagenic (Oliveira et al, 2004). As patients with ALPS
have a high risk of developing secondary malignancies, chronic exposure to mutagens is
problematic. Sirolimus is an effective anti-neoplastic agent with efficacy in leukaemia and
lymphoma (Brown et al, 2003; Nepomuceno et al, 2003). Recently, a series of patients were
described who developed Kaposi sarcoma (KS) while taking MMF or cyclosporine for immune
suppression after renal transplant, all of whom achieved complete resolution of their KS by
discontinuing these agents and changing to sirolimus (Stallone et al, 2005). Thus, unlike other
immunosuppressive agents, which may increase risk of developing secondary cancers,
sirolimus may decrease this risk, making it a potentially more attractive immunosuppressive
agent for ALPS patients.
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Data is limited on the use of other immunosuppressants and chemotherapeutic agents in patients
with ALPS. Anecdotal reports and small series have described responses to a number of
medications, including cyclosporine, vincristine, mercaptopurine, and methotrexate (Drappa
et al, 1996; Sneller et al, 1997; Heelan et al, 2002; Rao et al, 2005; Sobota et al, 2009). Based
on these reports, these agents have been recommended as third line in ALPS treatment
algorithms (Rao et al, 2009b).

In addition to sirolimus, a number of other targeted therapies are undergoing preclinical testing
and clinical trials. Pyrimethamine and sulfadoxine were shown to reduce lymphoproliferation
and autoimmune cytopenias in a small series of patients with ALPS; however, this combination
failed to show a response in a larger clinical trial (van der Werff Ten Bosch et al, 2002; Rao
et al, 2007). Nevertheless, pyrimethamine and sulfadoxine may be useful for some patients.
Targeting the Notch signalling pathway was beneficial in preclinical models of ALPS (Teachey
et al, 2008). Arsenic and histone deacetylase (HDAC) inhibitors were also effective in
preclinical models of ALPS (Bobe et al, 2006; Dowdell et al, 2006). Interestingly, the efficacy
of HDAC inhibitors and arsenic in other autoimmune diseases were found to be caused by
increasing Tregs(Hernandez-Castro et al, 2009; Saouaf et al, 2009).

Rituximab, an anti-CD20 monoclonal chimeric antibody, is being used increasingly in patients
with a number of autoimmune conditions, including ALPS; however, a percentage of ALPS
patients are predisposed to develop CVID, and a number of reports have shown that rituximab
may increase that risk in ALPS patients (Cooper et al, 2009; Rao et al, 2009b). While rituximab
is clearly an effective agent in patients with autoimmune cytopenias, the risk of clinically
significant hypogammaglobulinemia may be disporportionately high in patients with
underlying immunodeficiency, including ALPS. Thus, until further clinical trials are completed
in ALPS patients, its use should be reserved for patients who fail all other therapies.

Historically, a significant number of patients with ALPS have undergone splenectomy either
to alleviate non-antibody-mediated or antibody-mediated destruction of haematological cell
types; however, haematological improvement after splenectomy is variable, and patients with
ALPS have an increased risk of developing post-splenectomy sepsis despite vaccination and
antibiotic prophylaxis (Bleesing et al, 2000). Thus, except in the case of uncontrollable
hypersplenism, splenectomy should be avoided in ALPS patients. Based on all of these data,
a novel treatment algorithm for autoimmunity in ALPS patients is presented in Fig 3. This
algorithm is very similar to a published algorithm from the NIH-ALPS group, but updated
based on the recently published data that demonstrated efficacy of sirolimus in ALPS patients
(Teachey et al 2009, Rao et al, 2009b). Doses for the different agents are included in Fig 3.

The role of hematopoietic stem cell transplant in patients with ALPS is not clear. A number of
patients with ALPS have been transplanted successfully with both matched and unrelated
donors (Sleight et al, 1998; Cohen et al, 2007; Kahwash et al, 2007). Matched related donors
should be tested to ensure they do not carry an ALPS-associated mutation. Less toxic reduced-
intensity conditioning (RIC) protocols are being used more frequently for autoimmune,
rheumatological, and immunodeficiency disorders. As RIC-transplants are safer than
traditional myeloablative approaches, stem cell transplantation is now a more attractive option
for ALPS patients than it was a few years ago. Nevertheless, as the majority of patients are
treatable with single agent therapy and with the development of more effective targeted agents,
stem cell transplantation should be reserved for those patients with highly refractory disease.

Redefining the diagnostic criteria for ALPS
In order for a patient to be diagnosed with ALPS, he or she must meet 3 mandatory diagnostic
criteria (Table Ia). The current criteria rely heavily on the ‘gold-standard’ in vitro evidence of
defective Fas-mediated apoptosis. Unfortunately, this assay does not identify patients with
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ALPS types 1b or 1s, which may represent a significant number of patients with ALPS
(Holzelova et al, 2004). The assay is time-consuming and costly, requiring T cells to be
maintained in culture for weeks. The resources required for this test render it unlikely to be
routinely available in clinical laboratories; therefore, it remains a ‘research’ test that is only
performed in a few highly specialized labs, often requiring patients and treating physicians to
wait long periods of time to establish a diagnosis. In addition, there can be false positives with
this assay as other diseases that mimic ALPS can have defective Fas-mediated apoptosis
(Teachey et al, 2005). Finally, immunosuppressive medications can affect mitogen stimulation
of T cells, making results in patients who are on treatment at the time of testing unreliable.
While a number of other autoimmune and rheumatological diseases can have mild elevations
in DNTs, and these patients should undergo a more through evaluation, marked (>5%)
elevations are virtually pathognomonic for ALPS. Thus, patients with a clinical phenotype
consistent with ALPS and marked elevations in DNTs may not need specialized apoptosis
testing. The current definition does not incorporate available genetic data as diagnostic criteria
and excludes other clinical and laboratory features strongly associated with ALPS, including
hypergammaglobulinaemia, elevated serum IL-10, elevated serum vitamin B12, and elevated
serum Fas ligand (Bowen et al, 2008;Magerus-Chatinet et al, 2009). The current definition
also does not include autoimmune disease. Autoimmune cytopenias are a clear predictor of
ALPS (Teachey et al, 2005;Seif et al, 2008). Other autoimmune disease may be helpful in
making a diagnosis of ALPS; however, this is not established. ALPS can be effectively
diagnosed without performing the labour-intensive apoptosis assay in a subset of patients, and
the resources required for this assay should be applied towards patients with borderline
diagnostic criteria and clinical findings (Magerus-Chatinet et al, 2009).

Based on these concerns with the current diagnostic criteria, a new diagnostic algorithm has
been proposed (Table Ib) (Seif et al, 2008). This algorithm expands the current definition of
ALPS to allow detection of ALPS types 1s and 1b and permits an experienced physician to
make the diagnosis of ALPS in certain patients without the need for ‘research-testing’. The
apoptosis assay remains useful for patients with equivocal laboratory findings and a clinical
picture consistent with ALPS.

Conclusion
In conclusion, ALPS is a rare syndrome caused by defective lymphocyte apoptosis. Patients
can present with a wide range of symptoms, including lymphoproliferation, autoimmunity, and
increased propensity to malignancy. The diagnosis should be considered in any child with
unexplained lymphadenopathy, organomegaly, or autoimmune cytopenias. Newer treatment
modalities targeting the abnormal cells in ALPS patients may lead to a new era of improved
disease outcome. These patients need coordinated care from physicians with haematology,
immunology, and genetic expertise.
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Fig 1.
Fas apoptotic pathway. Patients with ALPS have defective Fas-mediated apoptosis. During
downregulation of the immune response, activated B and T lymphocytes upregulate expression
of Fas ligand, and activated T lymphocytes up-regulate expression of Fas. Fas ligand and Fas
interact, activating the intracellular Fas-associated death domain (FADD) and triggering the
caspase cascade with subsequent proteolysis, DNA degradation, and apoptosis. Apoptotic
signalling mediated by Fas is part of the extrinsic pathway as it is activated through
engangement of cell surface death receptors. The intrinsic apoptotic pathway is activated by
cellular stressors, leading to alterations in mitochondrial membrane permeability and release
of apoptosis-inducing substances. © Sue Seif, MA (used with permission).
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Fig 2.
ALPS apoptosis assay. Peripheral blood mononuclear cells are isolated from a patient, and T
cells are activated with mitogen (phytohae-magglutinin, PHA) and expanded with IL-2 in
culture for approximately 28 d (Fisher et al, 1995). In normal individuals, mitogen activation
and expansion results in upregulation and priming of the Fas apoptotic pathway. When normal
T cells are exposed to anti-Fas IgM monoclonal antibody in vitro, they undergo rapid cell death
and apoptosis (Teachey et al, 2005). Because patients with ALPS have a defect in this pathway,
the cells do not die after exposure to anti-Fas IgM monoclonal antibody (Sneller et al, 2003).
Dexamethasone and ceramide (C2) are used as positive controls. (A) Red wells depict cell
death after treatment with anti-fas IgM, C2, or dexamethasone. Yellow wells depict lack of
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cell death with similar treatment. (B) Normal control demonstrating cell death with anti-Fas
IgM, ceramide, and dexamethasone as depicted by histogram for 7-Aminoactinomycin D. (C)
Prototypical patient with ALPS demonstrating cell death with exposure to ceramide and
dexamethasone, but no increased death over baseline with exposure to anti-Fas monoclonal
antibody. Data collected under Institutional Review Board approved protocol. © Sue Seif, MA
(used with permission).
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Fig 3.
Treatment of autoimmune cytopenias in ALPS patients. Front-line therapy for autoimmune
cytopenias in patients with ALPS is corticosteroids. For patients with disease refractory to
steroids, for patients who cannot tolerate steroids, or for patients who need long-term
immunosuppression, alternative immunosuppressive agents are required. Mycophenolate
mofetil (MMF) and sirolimus are the most studied and most effective agents in patients with
ALPS and autoimmune disease (Rao et al, 2005; Janić et al, 2009; Teachey et al, 2009). For
patients with moderate disease, MMF is a well-tolerated medication that should be considered
as second-line therapy after steroids. For patients with severe disease, sirolimus may be
indicated, as it has established efficacy in MMF-refractory patients (Teachey et al, 2009).
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Sirolimus should also be considered for patients with moderate disease who fail MMF.
Sirolimus requires therapeutic drug monitoring. For patients who are intolerant of or refractory
to MMF and/or sirolimus, other agents include vincristine, methotrexate, mercaptopurine and
rituximab. Combination therapy with sirolimus and methotrexate or mercaptopurine and
methotrexate may be required in the most severe cases.
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Table I

Diagnostic criteria.

(a) Original diagnostic criteria (Bleesing et al, 2000)

 1. Chronic non-malignant lymphoproliferation

 2. Elevated peripheral blood DNTs

 3. Defective in vitro Fas-mediated apoptosis

Supporting: genetic mutations; autoimmunity

Diagnosis: Must meet all three criteria

(b) New Diagnostic Criteria (Seif et al, 2008)

Major criteria

 1. Chronic non-malignant lymphoproliferation

  (a) >6 months

  (b) Splenomegaly and/or lymphadenopathy of ≥2 nodal groups

 2. Marked elevation in peripheral blood DNTs ≥5%*

 3. Defective in vitro Fas-mediated apoptosis

 4. Identifiable genetic mutation (FAS, FASLG, CASP10, NRAS): germline or somatic

Minor criteria

 1. Autoimmune cytopenias

  (a) Thrombocytopenia, neutropenia and/or haemolytic anaemia, and

  (b) Proven to be immune-mediated by identifiable autoantibody (e.g. DAT) or response to
     immunosuppressive medication

 2. Moderate elevation in DNTs*

  (a) Elevated DNTs in spleen or lymph node biopsy, and/or

  (b) Peripheral blood DNTs >2 S.D. of testing labs mean and <5%

 3. Elevated serum IgG

 4. Elevated serum IL-10

 5. Elevated serum vitamin B12

 6. Elevated plasma Fas ligand level

Diagnosis: three major criteria or two major plus two minor criteria

DNT, double negative T cells; DAT, direct antiglobulin test.

*
One criterion must be elevated DNTs.
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Table II

ALPS classification (Bleesing et al, 2000; van der Werff ten Bosch, 2003; Holzelova et al, 2004; Oliveira et
al, 2007).

Type Mutation

1a Germ-line in FAS (TNFRSF6)

1b Germ-line in FASLG

1s Somatic mutation in FAS

II Germ-line in CASP10

III No identifiable mutation

IV Germ-line in NRAS
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