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Robert 

• Genitori sani 

• Maschio, 9 settimane 

• Bene fino a 11 giorni prima: apatia 

• Da due giorni: febbre e vomito 

 

• E.O. febbre, epatosplenomegalia 

• LND normali 

Archive Disease Child 1952; 519-525 



Robert: laboratorio 

• Anemia (52% di 13.8 g/dl) 

• Neutropenia 

• Piastrinopenia 

• Colture negative 

 

Archive Disease Child 1952; 519-525 



Robert: decorso 

 

• Febbre remittente 

• Citopenia  

• Insufficienza epatica con ittero 

• Esito rapidamente fatale 

 

Archive Disease Child 1952; 519-525 



Rachel, sorellina di Robert 

 
• Età 9 settimane 
• Da 5 giorni diarrea, da 2 vomito 
• Febbre  
• Epatosplenomegalia 
• Citopenia  
• Migliora, dopo ACTH, per 12 gg.  
• Muore 94 giorni dopo l’esordio 

Archive Disease Child 1952; 519-525 



Rachel, necropsy  

 

• Lymphnodes: proliferation of histiocytes, with 
phagocytosis of red and white cells 

 

• Spleen: histiocytes with hemophagocytosis 

• Liver: cellular proliferation with lympho- and 
histiocytes, hemophagocytosis  

 

• BM: cellularity++, hemophagocytosis 



• Non-lipoid reticulosis of young infants 

• Differs from “Letterer-Siwe” because: 
– is familial 

– no granulomas 

– no bone defects 

• The cause of the histiocytic proliferation is 
unknown and treatment is of no avail 

Archive Disease Child 1952; 519-525 





HLH - Principali caratteristiche cliniche 

 

• M/F     1:1  

• Febbre    114/122 (93%) 

• Epato-Splenomegalia  119/122 (97%) 

• Linfoadenomegalia    39/122 (31%) 

• Rash cutaneo    30/122 (24%) 



HLH - Principali alterazioni degli esami di 
laboratorio 

 

• Trombocitopenia         104 / 122  (85%) 

• Ipertrigliceridemia    78 / 97   (80%) 

• Ipofibrinogenemia     66 / 101   (65%) 

• Neutropenia       73 / 122   (59%) 

• Pleiocitosi liquorale   55 / 94    (58%) 

• ALT elevate    55 / 104   (53%) 



HLH: difficoltà  
diagnostiche 

• Clinica: sembra una leucemia.. 

• Laboratorio: non specifico 

• Emofagocitosi: suggestiva, ma… 
– non è specifica ! 

– nel 40% dei casi non è presente alla prima 
valutazione del midollo osseo. Questo NON deve 
fare escludere la diagnosi! 



Diagnostic guidelines for HLH   
- revised 2004 

• Fever 
• Splenomegaly  
• Cytopenia (affecting  2 of 3 lineages)  

– Hemoglobin (< 90 g/L),  
– platelets (<100 x 109/L),  
– neutrophils (<1.0 x 109/L) 

• Hypertriglyceridemia (fasting 2.0 mmol/L or 3 SD) 
• and/or hypofibrinogenemia (1.5 g/L or 3 SD) 
• Hemophagocytosis (bone marrow, spleen, lymph nodes) and 

no evidence of malignancy 
! Low or absent NK activity 
! Ferritin >500 mg/L 
! Soluble CD25 (IL2 receptor) >2400 U/ml 
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What is HLH ?  

 

 A clinical syndrome resulting from 
cytokine overproduction due to 
inefficient immune response 



M. Aricò & L. Moretta. Br J Haematol, 2002  

Chemotherapy, steroids 

transient IS  

VAHS 

Congenital defect 

FHL 



Fig. 3 Rab27a-deficient patient CTL stained 
with CD8 (green) recognizing, but not 
killing a target cell with granules stained 
with LAMP1 (yellow). The centrosomes 
and nuclei of both target and killer are 
stained with g-tubulin (red) and Hoechst 
(blue) 



Fig. 1 NK cell recognizing a target and 

polarizing its cytoskeleton (tubulin, red) and 

lytic granules (perforin, green) towards the 

target. Nuclei are stained blue with Hoechst 

Fig. 2 Munc18-2-deficient CTL (FM) with microtubules 

(green) and perforin granules (red) polarized towards 

the target. Nuclei are labelled in blue with Hoechst 



GENETICS OF FAMILIAL HLH  

 

A story of granules ? 











PRIMING:  

- Munc13-1 Binds SNAREs and stabilize them in an open state allowing SNARE to 

form a complex 

-Munc13-4 has the same role in non neuronal secretory cells 

-Mutations of the Munc13-4 gene cause FHL-3  (Feldman, Cell 2003) 

  MUNC13-4 and FHL-3 











• Esplorare la variabilità delle manifestazioni cliniche 

• Esplorare la eterogeneità delle mutazioni di UNC13D 

• Correlare le manifestazioni cliniche con le diverse mutazioni 

• Confrontare FHL 3 vs FHL2 (Trizzino A et al. J Med Genet 2007). 













DIAGNOSING FAMILIAL HLH  

 

Such a nightmare? 
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…what about Munc? 





CD107a study: which lesson? 

 

• Defective expression of LAMP (CD107a) 
heralds defective degranulation as in Munc 
13-4 deficiency  

 

• This is not specific for FHL3 

 

• CD107 is normal in FHL2 







Di che colore ha i capelli questo 
bambino…. ? 
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HLH: what have we learned  
decades after the pioneers? 



Table 1. Number of cases of HLH reported to the 
Italian National registry by time interval. 

 

Time 
interval 

Total number of 
patients 

 (mean number  
per year) 

Patients with 
biallelic mutation 

(mean number  
per year) 

Sporadic patients 
(mean number  

per year) 

Biallelic/ 
sporadic  

ratio 

1989-1994* 53 (8.8) 28 (4.6) 25 (4.1) 1.12 

1995-1999 46 (9.2) 28 (5.6) 18 (3.6) 1.55 

2004-2004 67 (13.4) 32 (6.4) 35 (7.0) 0.91 

2005-2009 127 (25.4) 37 (7.5) 90 (18.0) 0.41 

2010-2014** 207 (48.7) 48 (11.2) 159 (37.4) 0.30 

Total 500 173 327 0.52 



One third of HLH patients  
have FHL 

Cetica et al, submitted 



Table 2. Correlation of perforin expression and degranulation assays 
in 372 patients with HLH in whom at least one of the immunological 

assays could be performed.  

  Degranulation 

Total Perforin 

expression 
normal reduced 

complete 

defect 

not  

performed 

normal 
106 [8] 34 [8] 29 [29] 46 [13] 215 [58] 

reduced 
26 [5] 10 [1] 3 [3] 33 [8] 72 [17] 

absent 
12 [12] 1 [1] 0 17 [17] 30 [30] 

not performed 
11 [2] 2 [0] 1 [1] 41* [25] 55 [28] 

Total 
155 [27] 47  [10] 33 [33] 137 [63] 372 [133] 
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Children <1 year with HLH  
likely have FHL (64% chance) 

Cetica et al, submitted 
*Chi-square test, p-value <0.001. 



In over 90% of patients with FHL  
the gene responsible has been identified 

Cetica et al, submitted 



Intrafamilial variation of the age at the onset of FHL in 
26 families with more than one affected case. 

*This sib of patient #24 is now 25 years of age and has not yet developed the disease.  
**Family #25, FHL5; family #26, GS2  
N, biallelic nonsense mutations; M, biallelic missense mutations; C, combination of one nonsense and one missense mutations.  



The risk of developing HLH results from the interaction of a 
predisposed genotype and environmental triggering 

factor(s).  



GRISCELLI SYNDROME PATIENTS WITH NORMAL 
PIGMENTATION IDENTIFY RAB27A MUTATIONS THAT 

SELECTIVELY DISRUPT MUNC13-4 BINDING 
 

Valentina Cetica, PhD*, Yvonne Hackmann, PhD*, Samantha Grieve*, 
Elena Sieni, MD, Benedetta Ciambotti PhD , Maria Luisa Coniglio PhD, 

Daniela Pende, PhD, Kimberly Gilmour MD, Paolo Romagnoli MD, 
Gillian M. Griffiths, PhD , Maurizio Aricò, MD 



Main features of 6 patients from 3 families with HLH 
but no pigment dilution, in whom GS2 was 

diagnosed based on RAB27A mutations  

UPN Gender/ 

Age 

GRA/ 

Cytotoxicity 

Mutation Hair* Clinical outcome 

154 M/6.8 m NP 
c.422_424delGAG 

p.R141_V142delinsI ** 
  Died from disease 

155 M/0.5 m NP/Absent 
c.422_424delGAG 

p.R141_V142delinsI ** 
  

Reactivated after MRD 

SCT; died from disease 

313 F/10.7 y 
Reduced/ 

Reduced 

c.422_424delGAG 

p.R141_V142delinsI ** 

Mild blond; small 

and medium size 

granules 

Reactivated; 16 year, 

cured after UD SCT 

324 F/4 y 
Absent/Absent 

(Figure 1) 

c.422_424delGAG 

p.R141_V142delinsI 

c.487A>C p.S163R 

  
Reactivated, 13 year, 

cured after UD SCT 

396 M/7.3 y 
Absent/Absent 

(Figure 1) 

c.227C>T p. A76V 

c.476A>G p. Y159C 

Mild blond; small 

size granules 

Reactivated; 14 year, 

cured after UD SCT 

226 M/5 y 
Reduced/ 

Reduced 

c.514_518delCAAGC p.Q172Nfs  

c.422_424delGAG 

p.R141_V142delinsI 

  17 year, cured after SCT 



CTL from patients UPN396 and UPN324 show 
severely reduced ability to kill target cells 





Location of amino acid mutations in patients 
UPN394 and UPN326 



Treatment of HLH 



HLH – probability of survival of the 
historical Registry cohort (n=122) 
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HLH: SCT for everybody? 
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EURO-HIT-HLH  
EUDRACT number 2011-002052-14 

European cooperative study for testing Hybrid ImmunoTherapy for HLH  
 

PARTICIPATING COUNTRIES  & Reference Centres 

 
• Italy, PI M.Aricò (open in xx centres) 
• Czech Republic, Prague (open) 
• Germany, Hamburg (start Nov 2013) 
• Spain, Bilbao (start Oct. 2013) 
• Austria, Wien (start Nov 2013) 

 
 
The study is run in parallel with the HIT-HLH chaired in Cincinnati by 

M.Jordan with L. Filipovich 
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HLH:  
what’s next? 
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“FIGHT HLH” 
An FP7 grant awarded to NovImmune, July 1, 2012. 6 M Euros 

 

Creation of a 
drug  to fight 

HLH 

 

 

 

 

 

Pivotal trial 

 

 

 

 

 

Pilot trial 

 

 

 

 

 

New animal models 
of secondary HLH 

 

 

 

 

 

Gene analysis 

 

 

 

 

 

NI-0501 
manufacturing 

 

 

 

 

 

July 2012 

 

October 2015 

 

NovImmune 

 

 

 

 

Meyer                     
Childrens’ Hospital 

 

 

 

 

 

Bambino Gesu’          
Childrens’ Hospital 

 

 

 

 

 

Lonza 
Novimmune 

 

 

 

 

 
NovImmune 
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Perforin (prf) KO mice: a model of primary HLH 

• Mice are healthy 

• 100% mortality after experimental infection with lymphocytic 
choriomeningitis virus  (LCMV) 

– Clinical and laboratory features:  

– Fever 

– Splenomegaly 

– Cytopenia 

– Hyperferritinemia, hypertriglyceridemia, hypofibrinogenimia 

– Haemophagocitosis  

– Lymphohistiocytic infiltrate, bone marrow hypoplasia, meningeal infiltrate 

– Hypercytokinemia 

 

 

 

 

Jordan et al, Blood 2004 

Pachlopnik-Schmid et al, EMBO Mol Med 2009 
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IFN blockade leads to survival of prf KO mice 

Days after LCMV infection 

Jordan et al, Blood 2004 
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NI-0501 pilot study design  
EudraCT : 2012-003632-23, approved IRB AOU Meyer 08.10.2012 

Study PI: M. Aricò, Florence  
14 Centres: Italy (n=7), Germany (Munster), UK (GOS), Spain (n=3), Austria, Czech 

At any time during the study, if the patient’s condition is worsening, s/he will be withdrawn (rescue therapy) 

Diagnosis of 
HLH 

reactivation 

SD3 SD6 2 weeks 

Clinical Assessment (worsening or response): on study day 3, 6, 15, 18, 27, 36, 45, 54 
as well as at week 9, 11, 12 and on unscheduled visits (if any)   

Week 8 Study 
Day 

(SD) 0 

SD9 Week 4 

Dose adjustment period 
Initial Dose 

TREATMENT PERIOD (NI-0501 Infusions every 3 days) 
8 WEEKS 

FU PERIOD 
4 WEEKS 

Week 9      10      11      12 
Study 

Completion 
Visit 

SCREENING 
(within 1 week 

of NI-0501 
administration) 



HLH Registry and studies 

Main cooperations: 

Genova CBA/Gaslini:  D.Pende, L.Moretta 

Boston:    L.D.Notarangelo 

Cambridge:    G.M.Griffiths  

London:   K.Gilmour 

Rome O.P. B. Gesù: F.De Benedetti 

Valentina Cetica, Elena Sieni 
B.Ciambotti, M.L.Coniglio, M.DaRos 

Primary participants: Italian AIEOP centers 
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PERFORIN 



HLH, last minute news!!! 
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SCT: a «really final» solution for 
everybody? 

• We describe large-scale changes in the intestinal and 
renal epithelium causing severe osmotic diarrhea 
and renal proximal tubular dysfunction even after 
successful treatment of HLH by HSCT.  

 

• Clinical manifestations in FHL5 patients despite 
successful HSCT may therefore be related to 
defective membrane trafficking in the gut and kidney. 

106 

Persistent defective membrane trafficking in epithelial cells of patients with FHL-5. 
Stepensky et al., PBC, in press 



Perforina e……. 

• Malattie autoimmuni? 

• Tumori? 

• Malattie con/da immuno-disregolazione? 

 

Modelli: 

• Fenotipi varianti 

• Frequenza di malattie diverse negli eterozigoti 

• Modello animale 



MONOALLELIC MUTATIONS OF THE PERFORIN GENE MAY 

REPRESENT A PREDISPOSING FACTOR TO CHILDHOOD 

ANAPLASTIC LARGE CELL LYMPHOMA 

Ciambotti B. Dr
1, Mussolin L. PhD

2,3, D’Amore E.S.G. MD
4, Pillon M. MD

3, 

Sieni E. MD
1, Coniglio M.L. Dr

1, Da Ros M. Dr
1, Cetica V. PhD

1, Aricò  M MD
1, 

Rosolen A MD
3,5. 

 
1.U.O. Oncoematologia Pediatrica, A.O.U. Meyer, Firenze, Italia. 

2.Istituto di Ricerca Pediatrico, Fondazione Città della Speranza, Padova, Italy 

3.Hematoly and Oncolgy Clinic, Department of  Pediatrics , Padua Italy  

4.Department of  Pathology, San Bortolo Hospital, Vicenza, Italy 

5.Department of  Pediatrics, University of  Udine, Udine Italy  



Case No.  Mutation In silico Age/Sex IHC 

 1 c.272C>T  p.A91V* Prob. Dam 7F 3+ 

 3 c.272C>T  p.A91V* Prob. Dam 11F N.P. 

 4 c.368G>A  p.R123H Poss. Dam. 14M N.P. 

 10 c.272C>T  p.A91V* Prob. Dam 8F 2+ 

 17 c.272C>T  p.A91V* Prob. Dam 10M 3+ 

 24 c.272C>T  p.A91V* Prob. Dam 11F N.P. 

 26 c.272C>T  p.A91V* Prob. Dam 7M 3+ 

 27 c.529C>T  p.R177C Prob. Dam 1M N.P. 

 28 c.1741G>A  p.D491N Prob. Dam 12M N.P. 

 40 c.1262T>G   p.F421C** Benign 13M N.P. 

 43 c.272C>T  p.A91V* Prob. Dam 10M 2+ 

 44 c.272C>T  p.A91V* 
c.695G>A  p.R232H* 

Prob. Dam  
Prob. Dam 

13F N.P. 

 72 c.82C>T  p.R28C*** Prob. Dam 5F N.P. 

 49 c.272C>T  p.A91V* Prob. Dam 2M 3+ 

 61 c.272C>T  p.A91V* Prob. Dam 4M N.P. 

 65 c.272C>T  p.A91V* Prob. Dam 6M N.P. 

 70 c.368G>A  p.R123H Poss. Dam. 2M 1+ 

 46 c.632C>T  p.A211V* Benign 2M N.P. 

 52 c.755A>G  p.N252S* Benign 4F N.P. 

 54 c.755A>G  p.N252S* Benign 8M N.P. 

 69 c.1349C>T  p.T450M* Prob. Dam 6M 1+ 



UNC13D 
 
In totale sono state identificate 2 varianti missenso in 2 pazienti (2.3%).  

Case No.  Mutation In silico Age/Sex IHC 

 35 c.1555A>T  p.I519F*** Prob. Dam  6F N.P. 

 66 c.2191G>A   p.V731M* Prob. Dam  4F N.P. 

La mutazione c.2191G>A, p.V731M è stata precedentemente riportata in 

pazienti con FHL3. 



FHL, LCH…….? Are we sure enough?  
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Macrophage activation syndrome 
(MAS)  

• A serious, potentially fatal complication of rheumatic diseases seen 

most frequently in systemic juvenile idiopathic arthritis (sJIA) and in 

its adult equivalent, adult-onset Still disease 

 

• Increasingly reported in other pediatric inflammatory disorders: 

juvenile SLE, Kawasaki disease, periodic fever syndromes. 

 

• MAS is similar to the autosomal recessive disorders collectively 

known as familial hemophagocytic lymphohistiocytosis (FHL) 

 







 



HLH Registry 
Patients with MAS (n=47) 

Ethnic group:  

• Caucasian, n=42; Indian, n=  5 
 
Gender 
• M: 32, F: 15; Ratio 2.1 

 
Age at diagnosis 
• Median     8 anni 
• Range:      1 day – 34 years 
• Quartiles:   2 years, 8 years, 12 years  

 

 



  N/total* (%) 

Fever 33/37 (89) 

Splenomegaly 21/37(57) 

CNS symptoms 6/32 (19) 

Anemia 15/25 (60) 

Neutropenia  5/23 (22) 

Thrombocytopenia 11/23 (48) 

Hypofibrinogenemia 5/15 (33) 

Hypertriglyceridemia 17/21 (81) 

Hyperferritinemia   23/24 (96) 

Hemophagocytosis 12/37 (32) 

Defective perforin expression° 7/28 (25) 

Defective GRA° 6/23 (26) 

HLH Registry 
Patients with MAS (n=47) 

* Total of evaluable patients 



HLH Registry 
Patients with MAS (n=47) 

 
 

 

Diagnosis N 

JIA 22 

SLE 4 

Connectivitis 2 

Dermatomiositis 1 

“Autoimmune disease” 1 

Not futher specified 17 



MAS & FHL-related genes mutation  

UPN 
*Age 
(mos) 

PRF expr GRA Mutation Gene 

238 6 ND NORM c.272T (p.A91V) PRF 

429 32 NORM  NORM c.610A>G  (p.M204V) UNC-13D 

431 53 ND ND c.272T (p.A91V) PRF 

527 120 NORM NORM c.799G>A (p.V267M) STX 11 

579 95 RID RID c.1034C>T (p.T345M) STXBP2 

654 186 NORM RID c.272T (p.A91V) PRF 

661 6 RID RID c.272T (p.A91V) PRF 

717 106 ND RID c.1357G>A (p.V453M) PRF 

738 40 ND ND c.1681T>C (p.W561R) STXBP2 

746 1 NORM  NORM c. 610G>A (p.A210K) STXBP2 

• 10/36 (28%) patients with MAS have monoallelic mutation 

*Median age  3,6 years 



EURO-HIT-HLH  
EUDRACT number 2011-002052-14 

European cooperative study for testing Hybrid ImmunoTherapy for HLH  
 

PARTICIPATING COUNTRIES  & Reference Centres 

 
• Italy, PI M.Aricò (open in 10 centres) 
• Czech Republic, Prague (open) 
• Germany, Hamburg (open since Nov 2013) 
• Austria, Wien (open in 4 centers) 
• Spain, Bilbao (unable to open) 

 
 
The study is run in parallel with the HIT-HLH chaired in Cincinnati by 

M.Jordan with L. Filipovich 
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EURO-HIT-HLH: ACCRUAL 
http://euro-hit-hlh.unipa.it 

 

• A total of 10 patients have been enrolled 

– Italy: 4 patients 

– Germany: 4 patients 

– Czech Republic/Prague: 2 patients 

– Austria: 0 patients 
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Id Insert Date Name Centre Status 

10 15-05-2014 GERMANY004 004 GPHO  valid  

9 14-05-2014 GERMANY003 003 GPHO  valid  

8 GERMANY001 002 GPHO to validate  

7 07-05-2014 GERMANY001 001 GPHO  valid  

6 20-02-2014 V.C. Dipartimento di Pediatria Università di Padova valid  

5 11-10-2013 S.L. 
S.C. Oncoematologia Pediatria e Centro 

Trapianti OIRM Torino 
valid  

4 09-07-2013 B.B. U.O. Pediatria A.O. Annunziata  valid  

3 04-07-2013 N.B. 
S.C. Oncoematologia Pediatria e Centro 

Trapianti OIRM Torino 
valid  

2 29-05-2013 M.A. 

Department Pediatric Hematology-Oncology 

Charles University Prague and University 

Hospital Motol  

valid  

1 14-05-2013 C.M. 

Department Pediatric Hematology-Oncology 

Charles University Prague and University 

Hospital Motol  

valid  
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The universe of HLH  

M.Aricò, unpublished data 2012 



FHL  

n   (%) 

HLH  

non genetic / secondary 

(%) 

p 

Fever 
135/186 (72%) 187/289 (64%) p=0.091 

Splenomegaly 
135/186 (72%) 165/289 (57%) p=0.000 

Thrombocytopenia 
127/151 (84%) 134/204 (65%) p=0.000 

Ferritin (high) 

- Quartiles (mg/L) 

 

65/82 (79%) 

519; 1.639; 7.270; 

74.860 

 

81/92 (88%)  

1.000; 2.601; 10.213; 

140.000 

p=0.172 

  Fever 

+Splenomegaly 

+Thrombocytopenia 

+Ferritin (high) 

50/79 (63%) 44/83 (52%) P=0.244 

HLH: PRIMARY OR “SECONDARY”? 

Sieni E, Cetica V,  Ciambotti B, Coniglio M.L., De Benedetti F, De Fusco C, Micalizzi C, Fagioli F, Putti C, Santoro N, Aricò M, in preparation  



Evolving concepts in pathophysiology and clinical 
definition of HLH: a continuum of risk 

• Due to the increasingly blurred 
distinction between primary 
and secondary HLH, the clinical 
spectrum of HLH appears as a 
continuum of risk 

• Genetic variance in genes that 
cause HLH, depending on their 
types and penetrance, affect 
the threshold for the 
development of HLH 

 Any significant residual function of proteins involved in cytotoxic mechanisms protect 
the individual from early-onset of HLH 

 

IAHS: infection-associated hemophagocytic syndrome 
MAHS: malignancy associated hemophagocytic syndrome 
MAS: macrophage activation syndrome (R-HLH: rheumatic 
HLH) 

Risma  & Jordan, Curr Opin Pediatr, 2012 
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