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Autoimmune Lymphoproliferative Syndrome (ALPS)
Priyanka Setia

Apoptosis is critical for immune system homeostasis, as lymphocytes undergo massive expansion
during an encounter with a pathogen and subsequently contract, leaving behind few memory cells. It
also maintains immunological tolerance, by eliminating self-reactive T and B cells. The importance
of this mechanism is illustrated by a human genetic defect in apoptosis machinery called autoimmune

lymphoproliferative syndrome (ALPS) .

ALPS is caused due to mutations in genes responsible for extrinsic apoptosis pathway i.e. FAS,
FASLG, FADD, CASP8 and CASP10 (Figurel). Defective signalling leads to massive
lymphadenopathy or splenomegaly, with chronic benign lymphoproliferation, autoimmune
cytopenias and with increased risk of lymphomas. The pronounced lymphoproliferation is mainly
attributed to the accumulation of double-negative T cells (DNTs) which is characterized by
CD3+CD4-CD8-TCR+ cells and is considered as one of the major hallmarks of this disease. DNTs
accounts for less than 2.5% of total T cells (or less than 1.5% of total lymphocytes). Other significant
laboratory abnormalities observed in ALPS patients are elevated levels of serum or plasma soluble
FASL (sFASL), VitaminB12, IL-10, IL-18 along with defective Fas-induced apoptosis assay .

The exact incidence and prevalence of ALPS is unknown since ALPS probably remain undiagnosed
due to variable phenotypic expression and a constellation of symptoms that overlap with other
monogenic disorders. These monogenic disorders that mimic ALPS are categorised as “ALPS-like
disorders”, which includes pl10delta activating mutation causing senescent T cells,
lymphadenopathy, and immunodeficiency (PASLI or activated PI3K delta syndrome),
lipopolysaccharide- responsive vesicle trafficking, beach and anchor containing (LRBA) deficiency
with autoantibodies, regulatory T-cell defects, autoimmune infiltration, and enteropathy (LATAIE),
cytotoxic T lymphocyte antigen 4 (CTLA4) haploinsufficiency with autoimmune infiltration (CHAI),
Ras- associated leukoproliferative disease (RALD) caused due to somatic mutations in KRAS and
NRAS, a gain-of-function mutation in signal transducer and activator of transcription 3 (STAT3-
GOF) and protein kinase C delta (PRKCD).
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Figure 1: Components of the FAS mediated apoptosis pathway . Adapted from: Akiko Yamada et.al.

Clinical features:

ALPS typically manifests in the first year of life, although with increasing awareness of the condition
adults with autoimmune complications are now more frequently being diagnosed. The three most
common clinical manifestations are listed as follows :

1. Lymphoproliferation: Lymphoproliferation is one of the most common clinical manifestation
seen in patients with ALPS, which can manifest as lymphadenopathy, splenomegaly or
hepatomegaly. To be diagnosed as ALPS, lymphoproliferation must be chronic (>6 months). If
isolated lymphadenopathy is present, it must affect at least 2 distinct nodal groups. Neoplastic and
infectious etiology must be ruled out. Splenomegaly is also seen in >85% of the patients.
Splenectomy, originally performed to manage cytopenias, is now not recommended as it is associated
with an increased risk of post-splenectomy pneumococcal sepsis.

2. Autoimmunity: The second most common clinical manifestation in patients with ALPS. Direct
coombs positive autoimmune haemolytic anaemia (AIHA) is the most common autoimmune
complication followed by immune-mediated thrombocytopenia (ITP) while autoimmune
neutropenia is uncommon.

3. Malignancy: Patients with ALPS have an increased risk of malignancy. Most commonly patients
develop lymphoma, but leukaemia and solid tumours have also been described. Increased risk of
cancer has also been observed in unaffected family members (who may inherit the same mutation but
fail to develop an overt ALPS phenotype).
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Laboratory Findings:

1. Double negative T cells: Flow cytometry is important tools in diagnosing ALPS, since majority
of patients have elevated DNTs (Figure 2). DNTs were earlier considered as the hallmark of ALPS,
but the occasional elevation is also reported in other autoimmune diseases like Evan's syndrome, SLE
etc. B220 (CD45R) is an isoform of CD45, which is uniquely expressed by DNTs in patients with FAS
mutation , and hence can be used additionally to differentiate between DNTs of ALPS versus other
non-specific elevation seen in other autoimmune diseases. Other immunological findings in ALPS
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are expansion of CD3+ T cells, CD8+ T cells, CD3+ /HLA-DR+ T cells, CD8+ /CD57+ T cells,
gamma delta T cell, total B cells, and CD5+ B cells.

Figure 2: Gating strategy of DNTs using flow cytometry. (A) Samples are analyzed by flow cytometry,
using forward vs side scatter, lymphocytes are identified. SSC vs CD3 is used to gate T cells. (B) SSC
vs TCRab is gated on total T cells. (C) Expression CD4 and CD8 are seen on total T cells vs TCRab
(D) DNTs in healthy control =0.6% (E) Patient with ALPS, with elevated DNTs =5.2%.
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1. Biomarker evaluation: The most reliable biomarkers associated with the diagnosis of ALPS are:
sFASL, Vitamin B12, IL-10 and IL-18 . The combination of these markers along with elevated DNTs
is a strong predictor for the presence of germline/somatic FAS mutation. DALD (Dianzani's
autoimmune lymphoproliferative disease), a phenotypic variant of ALPS with no known molecular
cause have DNTs that are not elevated. The only known biomarker which can distinguish ALPS and
DALD is osteopontin (OPN) which is elevated in patients with DALD .

2. Fas-mediated apoptosis: Fas-mediated apoptosis assay is a critical assay that is used for the
diagnosis of ALPS. Peripheral blood mononuclear cells (PBMCs) are incubated with agonistic anti-
Fas antibody (APO-1-3) and rat anti-mouse IgG3. Using multiparametric flow cytometry, effector Th
memory (TEM) subset is identified as CD3+ CD4+ CD45RA- CCR7- CD27- . The effector memory
is considered as Fas- sensitive subset and taking advantage of this, the percentage of annexin V
positive cells on TEM is calculated . The fold changes in the expression of annexin V compared to
unstimulated control is used to evaluate Fas-induced apoptosis at different concentration of anti-FAS
crosslinking antibody .

Limitation: This assay is useful only in identifying patients with FAS or sFAS mutations. Apoptosis
assay was earlier used as a diagnostic tool to identify ALPS patients, however, due to technical
difficulties and variability this assay is no longer used for routine diagnosis.

Histopathological findings:

1. Bone marrow findings: Bone marrow lymphocytosis is seen in around 70% of the patients. DNTs
by immunohistochemistry can be used to distinguish DNT lymphoid infiltrates from neoplastic
lymphoid infiltrates .

2. Lymph node biopsy: Typical findings in ALPS include follicular hyperplasia, often with focal
progressive transformation of germinal centres, paracortical expansion with a mixed infiltrate
containing DNT cells, and polyclonal plasmacytosis.

Molecular spectrum of ALPS:

FAS is the most common gene responsible for ALPS, nearly 70% of the reported patients harbors
germline heterozygous mutation, inherited in an autosomal dominant manner . FAS is a member of
the tumor necrosis factor receptor superfamily (TNFRSF) which comprises of the death receptor,
which is responsible for inducing apoptosis . FAS gene is located on chromosome 10q24.1 spanning
9 exons. Exon one to five encodes for the extracellular region which acts as the binding site for the
cognate ligand, FASLG and receptor trimerization. Exon six encodes for the transmembrane domain,
whereas exons seven to nine encodes for the intracellular region of the gene . The death domain is
encoded by exon nine, which is critical for apoptosis signalling.

The mutations are widely spread across the entire gene, intracellular death domain mutations
demonstrate high clinical penetrance since the mutations exert a dominant-negative effect on the

B YV



apoptosis pathway . However, extracellular mutations are associated with haploinsufficiency, since
they induce less severe disruption of FAS induced apoptosis signalling which can be rescued by
invitro FAS overexpression .

FAS is also associated with somatic mutations, which accounts for nearly15-20% of the cases. The
mutations reside only in the DNT compartment and hence sorting of these cells is important to detect
the mutations. These patients present clinically like ALPS-FAS, with elevated biomarkers as well but
can be missed by routine sequencing methods .

Mutations in FASLG/CASP8/CASP10 and FADD are extremely rare and accounts for less than 10%
of ALPS cases. Most of these patients present clinically like ALPS but due to the paucity of data, it is
difficult to understand the exact clinical phenotype.

Treatment and Management

The treatment key of ALPS depends on patients clinical manifestations and disease complications.
The first line of treatment usually involves treating underlying haematological disease, which is by
using intravenous immunoglobulins or corticosteroids. The second line treatment can be using
immunomodulatory drugs like mycophenolate mofetil (MMF) or rapamycin, they are of better choice
since they induce complete response in patients with refractory cytopenias .

NIIH experience

Atotal of 161 patients were referred for ALPS workup in the last four years. Out of which, 50 patients
presented with lymphadenopathy, splenomegaly or hepatosplenomegaly with or without
autoimmune cytopenias. Molecular diagnosis was available for (25/50) using NGS and these patients
were categorized as ALPS (n=7) and ALPS like disorders (n=13), no variant was identified in 3
patients and 2 patients had the mutation in genes not categorized as an inborn error of immunity.

Patients categorized as ALPS had mutations in FASLG (n=3), FAS (n=1), FADD (n=1), CASPS8
(n=1), CASP10 (n=1). The median age of presentation was 6.5 months. Female predominance was
seen (71%). Parental consanguinity was noted in 4 patients.

Lymphadenopathy and splenomegaly were seen in nearly 85% of the patients. AIHA was the most
common autoimmune manifestation seen in 83% of the patients. Absolute lymphocyte count (ALC)
was elevated in 57%, and within normal range for 43% of the patients. The percentage of DNTs
ranged from 0.6-41% of total T cells, B220+ DNTs were observed in 40% of the patients.
Immunoglobulin levels were available for 6 patients, 33% of the patients had
hypergammaglobulinemia and nearly 66% had normal Ig levels. Biomarker evaluation was done for 5
patients, sFasl levels were low (<10pg/ml) in 40% of the patients, elevated (>200pg/ml) in 40% and
within normal range for 20% of the patients. Vitamin B12 levels were elevated in 20% of the patients.

Patients categorized as ALPS-like disorders had mutations in LRBA (n=4), PIK3CD (n=2), PRKCD (n=1),
SH2D1A (n=1), STXBP2 (n=1), FoxP3 (n=1), Tet2 (n=1), STAT1-GOF (n=1) and JAK1-GOF (n=1).The
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median age of presentation was 2 years. Male predominance was seen (77%). Lymphadenopathy and
splenomegaly was noted in 84% of the patients. AIHA was the most common autoimmune manifestation
seen innearly 90% of'the cases. DNTs % varied from 2.5- 8.6% of total T cells.

Immunological evaluation for these patients showed that 45% of the cases had ALC within normal
ranges, lymphopenia in 38% and lymphocytosis in 7% of the cases.

Low B and T memory cells were seen in 46% of the cases. Immunoglobulin levels were within normal
ranges for nearly 77% of the patients, hypogammaglobulinemia and hypergammaglobulinemia was
noted in 15% and 7% of the cases respectively. sFasl level was elevated in 23% of the patients with
mutationin SH2D1A, STXBP2 and Tet2.

Conclusion:

To summarize, ALPS is an extremely rare disorder, the diagnostic criteria published in 2010 is still
widely used to categorize these patients. However, other monogenic disorders categorized as ALPS-
like disorders may also fulfill this criteria and can be easily misdiagnosed. Therefore, for definitive
diagnosis ,elevated DNTs along with elevated serum sFASL levels is a positive predictor for
mutations in FAS related pathway ' . Our findings suggests that elevated DNTs is not a hallmark of
ALPS rather they are also elevated in patients with ALPS-like disorders and in other autoimmune
conditions like Evan's and SLE. Therefore, upfront evaluating B220 expression on DNTs along with
enumerating memory subsets of T and B cells helped us in categorizing patients into ALPS and ALPS-
like disorders. Since the spectrum of ALPS is expanding, NGS is a rapid tool to identify mutations ,
which is important to understand the genotype phenotype correlation and for better management of
the disease.

References:

1.  Oliveira JB. The expanding spectrum of the autoimmune lymphoproliferative syndromes.
Current Opinion in Pediatrics. 2013. p. 722-9.

2.  Teachey D, Bride K. Autoimmune lymphoproliferative syndrome: More than a FAScinating
disease. F1000Research. Faculty of 1000 Ltd; 2017.

3. Yamada A, Arakaki R, Saito M, Kudo Y, Ishimaru N. Dual role of Fas/FasL.-mediated signal in
peripheral immune tolerance. Frontiers in Immunology. Frontiers Research Foundation; 2017.
p.403.

4. Bleesing JJH, Brown MR, Dale JK, Straus SE, Lenardo MJ, Puck JM, et al. TcR-a/B+ CD4-
CD8- T cells in humans with the autoimmune lymphoproliferative syndrome express a novel
CD45 isoform that is analogous to murine B220 and represents a marker of altered O-glycan
biosynthesis. Clinical Immunology. 2001;100:314-24.

B vV




5. Ruiz-GarciaR, Mora S, Lozano-Sanchez G, Martinez-Lostao L, Paz-Artal E, Ruiz-Contreras J,
et al. Decreased activation-induced cell death by EBV-transformed B-cells from a patient with

autoimmune lymphoproliferative syndrome caused by a novel FASLG mutation. Pediatric
Research. Nature Publishing Group; 2015;78:603-8.

6. Dowdell KC, Niemela JE, Price S, Davis J, Hornung RL, Oliveira JB, et al. Somatic FAS
mutations are common in patients with genetically undefined autoimmune lymphoproliferative
syndrome. Blood. 2010;115:5164-9.

7. Rieux-Laucat F, Magerus-Chatinet A. Autoimmune lymphoproliferative syndrome: A
multifactorial disorder. Haematologica. 2010 Nov;95:1805-7.

8. Lo B, Ramaswamy M, Davis J, Price S, Rao VK, Siegel RM, et al. A rapid ex vivo clinical
diagnostic assay for Fas receptor-induced T lymphocyte apoptosis. Journal of Clinical
Immunology. 2013;33:479-88.

9. Lim MS, Straus SE, Dale JK, Fleisher TA, Stetler-Stevenson M, Strober W, et al. Pathological
findings in human autoimmune lymphoproliferative syndrome. American Journal of Pathology.
American Society for Investigative Pathology Inc.; 1998;153:1541-50.

10. Xie Y, Pittaluga S, Price S, Raffeld M, Hahn J, Jaffe ES, et al. Bone marrow findings in
autoimmune lymphoproliferative syndrome with germline FAS mutation. Haematologica.
Ferrata Storti Foundation; 2017;102:364-72.

11. Nabhani S, Honscheid A, Oommen PT, Fleckenstein B, Schaper J, Kuhlen M, et al. A novel
homozygous Fas ligand mutation leads to early protein truncation, abrogation of death receptor
and reverse signaling and a severe form of the autoimmune lymphoproliferative syndrome.
Clinical Immunology. Academic Press Inc.; 2014;155:231-7.

12. Price S, Shaw PA, Seitz A, Joshi G, Davis J, Niemela JE, et al. Natural history of autoimmune
lymphoproliferative syndrome associated with FAS gene mutations. Blood. American Society
of Hematology;2014;123:1989-99.

13. Worth A, Thrasher AJ, Gaspar HB. Autoimmune lymphoproliferative syndrome: Molecular
basis of disease and clinical phenotype. British Journal of Haematology. 2006. p. 124—40.

14. Kuehn HS, Caminhal, NiemelaJE, Rao VK, Davis J, Fleisher TA, etal. FAS Haploinsufficiency
Is a Common Disease Mechanism in the Human Autoimmune Lymphoproliferative Syndrome.
The Journal of Immunology. The American Association of Immunologists; 2011 ;186:6035-43.

15. Molnar E, Radwan N, Kovacs G, Andrikovics H, Henriquez F, Zarafov A, et al. Key diagnostic
markers for autoimmune lymphoproliferative syndrome with molecular genetic diagnosis.
Blood. American Society of Hematology; 2020;136:1933-45.

VT




SAeTZH A fFRIIethed g (ALPS) :
ST ao Hareft U e Ui Marad T

AT YR TR

TIPS TR WER & WRElT da 2t Ueh T UihdT €, ST foh gAR TR H g1 g arel &- Hfdfsharemett
FHIfAmraT S € Td o Yol ol IRR T F1e (bl e gAR Ufae e hl Gga=iierdr o gl 8 | g gt
TfARe da 37K TR ) Ufehan & 7y greg Sqae ST Tl @ | gHIR SaRElT e &l 9y oaae H Teee)
B TR ST T 39 Bl €, T8 & Ueh 7R AT 2: 31eqd (ALPS) | 31edd gaR WfoRef da gt a8, St
o Fifren & Sufeia Taieifee wry-a @ gafad Siv (Y% T " Ta Sit, U% T S, dqugdt 8 ug drqugdt
10) & ARG & HRUT ST gt § | fordes srur ore 90 § fefwiarge o a1 gan e, fieett & e,
3Nfergr wIfRemrel H wHt Mg weqor 7T # TS 3 € | ST 31N Tereht Ueh TR St fefwem (uan
IR ol T ShE) ol ot 7 ¢ Tehdl § | gTetifch 38 AT ht MTafl Tl A FA UIg 718 € | et qe
SRS [T A0 g gehd 8, fSrae R AT # sqen fAgH st 8 9el g ardng |

ST o ALTT:

JTeTY & A&7 ITedTaedT | 2l fS@TE U avd ¢ | gretifeh TS H SIHTEehdl U4 deh(-eh! e & SIRor
3T 3 T fAfFa YR o g gar sraen & st gva graTwar € |

ST o < T AT 8-

1. foiwraTge FifRwe &1 9 fHwaEe HfRwsi & e 58 I & &7 agvl 8, fSges R
ferRufeaed, fieett (Spleen) @ &g, wiaX &1 deaT Mg BT €1 Meud & fAgM & fag
fermraTSeifed &1 3iier 6 He 9 TGl &l g1 a1y | gletiies 38 Mg 8q fehiaTselfed & |-
1, el hraTSe 96 & 317 SRUTSY e 3T ehAuT 311fe &l off ST @ sTasae gl g |

2. SNfSIIHE: Tg T & gu T AFUI e, S &t AT 7 3@ &l fiean ¢ | 30 |1Y Sae
FFH S i GRRIAD, lfel g fedifeifess Tifiar wg sgardt off 39 Al # S@a &t
foerat 21

3. FE TAAASH H HER g ol ol 53 ST 8, SATGIR STeUd o HUST H fethIHT FTHe ek T @
&I AT g, Bretife oM €W iR s g A A gl &l E{aT gt e |
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1. SO Afed 3 -Ood HI YT SIHET: 896 A71(ed 2f -Ued & &< ol ST1d ol Aeg d 3Teud ol g femar
STHFATS | 1Y & g8 Heg 4 3 SR & fasie ot fran s aedag |

2. ST Hegith : 3TeU & (g § Gafed I al-Arde. T Qe e, [Gerffa B12, smE e 10
AR META 18 2 I ST T AR & A9 ST 21 UH ol e 3eqd &1 g emari &
e ST gepan 2 | 25 ag e 310 914 A anfeedidifen it sters (DALD) U9 3ead # fadied
HAH ST BIATE |

3. YwUUE HiRTes qUpiw Sira: THUTY HRtee TUoiity Sia e qaSia g, 5t o aread
F e ASTAMuE 1S ? | el ag fafs Uwuuy 1@ wimued SiHl # Iafadd & @Rl
8 W AgM G fadga H oM amrdt ot | febeg deheitent STRATAT & ol g fafe era sugimm

e ATS SRS |

o ATRATSISIG: STeTT & 70% AT H (el hiaTsel o 3@ &l ferd § | SRifeeirie s
ST e TR e e & ey R firenfeess gfg oh gt s aendt € |

o fowdle I Si9 e & goe dt ST @ SR §, O 35U 3Tedd & A § wifcieer
RIS, STifh Tidhel MDA SEwHTA /e & gidr e, iowrs 3ar e | fSrad sea Anfea S dey

SR UTeltaeiie wieHETse ey o fe@g adi g |

Ty H UM STaifid giy:

3NMEUT & THTIAT 70% HUST H Yt T T St 7 SRac Ura STl § | 36 S o Iedaci 1 STaifee
TITTARUT SATCTEHE THTEt aieh O g1 T AT § | 8 it 27 REpR & felu gechle swean 8, Siife quigifag
Y& HA B AU ITee ST 2 | T S hIEISIE 10 % q24. 1 T 92 SUfRrd gar g | 31k 9 Tert (gt
Hfed ) § FeraR S e | SHT 9 A Cawe @ qHeifee ferfer o forg mecyul giar & | s
TST A U T UE ST IcRad ST alig TR & gid @ | 58 3TamaT 15 & 20% At J shifdes (Hfee)
YR & ARG S UTISITa ¢ | 57 o S1eqd gaM AR Saa aia ¢ | 59 3aRadl &l ugar & fu gre
Hafelae dighfEm adics o1 SugiT [ ST € | 56 ST 15% STTeqd & Aist A 6 31 Siie S U

R




T e Sit, Yo U S, Tauadt 8 g dauadt 10 311 # Ieafiact= g ol fierd €, greifes gt emgfisn
BT € | g TS, AeTOT H STeud o Sl oid & 4TS gd € | g TS SIFeh o 3777d H 34 AdSl &
Rifercaehia A&uT &l AT AeT SieTgrare |

YR T YEY: 3TeTE & AT Sl TSt I9h AN U ST &t 179fiRar & 3R wR o Sirar ¢ |
TTIfe SUAR & IR U Tad Gaef A0 ot Sleh ol & foAq USiaTel ug wifcanieeiss f3ar San 8 | 389
3TCTA 5 U el Tl FIgere el atett TS ferat Sie qr O Ut TR o= s et € |

P ZfeR ufre fam e # a¥ 2008 § o1eud & g &g w1 foram Siar & | ufoay 39 e |
3NTeUd o FEIFeE AT ol g B X fohaT ST & | IR H 39 AT o Mg {g 8. Heaqul St S
Tl TF O G, SIGTe, GEaTEl etared, STl A1 (Y% Q O G, feretfae B12, 3 et 10 31 31T G 18)
3N oft <l ST § | 359 STeTTaT 36 T3 STaifRich SR Sl & Icfacd Gafed ST oft &l St 8 |
S8 Wt gaaT T & ALTOT GG ARG B G R e o e g ¢ |




Dr. Shrimati Shetty, Scientist F, Farwell on 30th June, 2021




ICMR -National sero-surveillance to monitor the SARS-CoV-2 infection transmission in
containment zones in Mumbai

Chairperson
Dr. Manisha Madkaikar

Editor: Assoc. Editor:
Dr. Swati Kulkarni Dr. Vandana Pradhan

Members:
Dr. Shrimati Shetty Mr. Somprakash Dhangar Mr Vijay Padwal

Immunohaematology Bulletin is brought out by:

ICMR-NATIONAL INSTITUTE OF IMMUNOHAEMATOLOGY

13" floor, New multi-storeyed Building, K.E.M. Hospital Campus,
Parel, Mumbai- 400012 (INDIA). Web: www.niih.org.in




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

