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Introduction

Haemophagocytic lymphobhistiocytosis (HLH) describes a
clinical and immunological syndrome characterized by an
excessive inflammatory response due to hyperactivation of
macrophages and cytotoxic T lymphocytes (CTLs), resulting
in progressive multi-organ failure if untreated. Increased
production of proinflammatory cytokines and tissue
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Summary

Familial haemophagocytic lymphohistiocytosis (FHL) is a rare autosomal
recessive disorder of immune dysregulation associated with uncontrolled T
cell and macrophage activation and hypercytokinaemia. The incidence of FHL
is 0-12/100-000 children born per year, with a male to female ratio of 1:1. The
disease is classified into six different types based on genetic linkage analysis
and chromosomal localization; five specific genetic defects have been identi-
fied, which account for approximately 90% of all patients. Type 1 is due to an
as yet unidentified gene defect located on chromosome nine. Type 2 is caused
by mutations in the perforin (PRF1) gene, type 3 by mutations in the Munc-
13-4 (UNCI13D) gene, type 4 by mutations in the syntaxin 11 (STX11) gene
and the recently described type 5 due to mutations in the gene encoding
syntaxin binding protein 2 (STXBP-2). The incidence of the five types varies
in different ethnic groups. The most common presenting features are pyrexia
of unknown origin, pronounced hepatosplenomegaly and cytopenias. Neuro-
logical features tend to present later and are associated with poor prognosis.
Absent or decreased lymphocyte cytotoxicity is the cellular hallmark of FHL.
Biochemical features such as hyperferritinaemia, hypertriglyceridaemia and
hypofibrinogenaemia are usually present, along with high levels of soluble
interleukin 2 receptor in the blood and cerebrospinal fluid. Bone marrow
aspirate may demonstrate the characteristic haemophagocytes, but initially is
non-diagnostic in two-thirds of patients. Established international clinical,
haematological and biochemical criteria now facilitate accurate clinical
diagnosis. The disease is fatal unless a haematopoietic stem cell transplant
(HSCT) is performed. The introduction of HSCT has dramatically improved
the prognosis of the disease. However, the mortality of the disease is still
significantly high and a number of challenges remain to be addressed. Active
disease at the time of the transplant is the major significant poor prognostic
factor. Delayed diagnosis, after irreversible organ damage has occurred, espe-
cially neurological damage, disease reoccurrence and pre-transplant mortal-
ity, remain a concern.
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diagnosis, haemophagocytic lymphohistiocytosis,

infiltration by macrophages/histiocytes and CTLs are cardi-
nal features of the phenotype. HLH is the clinical and immu-
nological manifestation of several different disease entities,
including primary or familial haemophagocytic lymphohis-
tiocytosis (FHL) and secondary forms, which are associated
with infections, autoimmune diseases and malignancies.
Other genetic immunodeficiencies can also develop HLH as
part of the disease process, which can make diagnosis of the
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underlying defect challenging. HLH has also been described
in association with inborn errors of metabolism, e.g. lysinu-
ric protein intolerance and multiple sulphatase deficiency
[1]. This review will focus on FHL, with additional reference
to other primary immunodeficiencies where HLH is a sig-
nificant disease manifestation.

Epidemiology

Familial haemophagocytic lymphohistiocytosis is a disorder
of early childhood. It was first described in 1952 by Farquhar
and Claireaux, who identified the disease in two fatal cases
involving siblings, with the major findings being a marked
increase of histiocytes in the bone marrow at the expense of
blood-forming cells [2]. The condition was shown to be
more prevalent in consanguineous families, suggesting an
autosomal recessive pattern of inheritance [3]. The reported
incidence varies among different studies, probably reflecting
different prevalence within different ethnic groups and the
higher index of suspicion and improved diagnosis in more
recent studies. It has been reported to be 0-12 per 100 000
children per year in Sweden [4], whereas it was found to be
0-342/100 000 in Japan [5]. The frequency of the disease
among hospitalized patients in Turkey is 7-5 in 10 000, which
is due most probably to the high rate of consanguineous
marriage in Turkish pedigrees [6].

Pathophysiology

The salient features of FHL are systemic release of proin-
flammatory cytokines, persistent activation of macrophages/
histiocytes and T cells and multi-system inflammation
with characteristic clinical and laboratory features of
fever, hepatosplenomegaly, cytopenias, coagulopathy and
hypertriglyceridaemia.

The pathogenesis of the disease remains controversial.
From studies in humans it is clear that the principal under-
lying defect is impaired T and natural killer (NK) cell cyto-
toxicity, even though the actual numbers of these effector
cells are normal [7]. However, the precise mechanism that
links the defects in cytotoxicity and clinical disease is not
fully understood. NK cells and CTLs play a major role in the
immune response to invading pathogens, predominantly
viruses. They secrete soluble mediators such as interferon
(IEN)-y, which enhances immunity, interferes with viral
replication and is also a potent macrophage activator. CTLs
also mediate direct killing of infected cells and antigen-
presenting cells (APCs), including macrophages, predomi-
nantly via the release of cytotoxic granules [8]. Studies in the
perforin (PRF)-deficient and Uncl3d-deficient mouse
models have shown that when the cytotoxic function is
impaired there is a disproportional expansion of CD8 T cells
and excessive production of cytokines, including IFN-y,
and persistent macrophage activation [9—11]. This leads to
tissue infiltration by macrophages/histiocytes and increased
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production of proinflammatory cytokines, giving rise to
clinical features resembling those of the human disease.
These experiments and observations in human disease gave
rise to the hypothesis that granule-dependent cytotoxicity
plays a vital role in T lymphocyte homeostasis following
infection, possibly through direct killing of CTLs [8].
However, whether this occurs in vivo remains to be proved.
The role of hyperactivated tissue infiltrating macrophages in
the pathophysiology of the disease and whether they repre-
sent the cause or the result of the disease also remains to be
elucidated.

During active disease there is a high serum concentration
of IFN-y, tumour necrosis factor (TNF)-a, interleukin
(IL)-6, IL-8, IL-10, IL-12, IL-18 and macrophage inflamma-
tory protein (MIP)-1c. [12-14]. Cytokines may also infiltrate
tissues and lead directly to necrosis and organ failure [15,16].
Fever and cytopenias are prominent in FHL and may be
induced by several cytokines, such as TNFE, IL-6 and IFN-y.
TNF also has a procoagulant activity, which may account for
the hypofibrinogenaemia [17]. The hypertriglyceridaemia is
associated with reduced lipoprotein lipase, due to the pres-
ence of TNF [18].

Identification of the molecular defects associated with
FHL has now given a greater insight into the mechanisms by
which the cellular defects arise.

Genetic basis of FHL

FHL has an autosomal recessive trait, and to date five genetic
loci have been identified giving rise to five different subtypes
of the disease (Table 1). All the genes identified to date
encode for proteins that participate in the granule-
dependent cytotoxic function of NK and T cells (Fig. 1) and
explain the cellular pathogenesis described above. This
mechanism is essential for the elimination of infected target
cells and control of the immune response [19].

A genomic region on chromosome 9 (9q21) is linked with
FHL1, although the gene responsible and its specific product
remain unknown to date [20]. The FHLI locus is thought to
account for 10% of gene defects causing FHL. The genes
responsible for four other different types of FHL have now
been identified.

In 1999 the gene encoding perforin on chromosome
10g21-22 locus was identified as the cause for FHL2 [21].
Perforin is found together with granzyme B in intracellular
lysosomal granules in CTLs and NK cells. When NK cells or
CTLs come into contact and engage with target cells, an
immunological synapse is formed through reorganization of
the microtubule organizing complex (MTOC) [19]. Lytic
granules traffic to the contact site along the MTOC, dock and
fuse with the plasma membrane and release their contents,
which include perforin and granzyme B, into the contact site
between effector cell and target cell. Perforin forms pores
in the presence of calcium on the surface membrane of
the target cell, allowing the entry of granzymes which then
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Table 1. Summary of eight studies examining the percentage of patients with different forms of familial haemophagocytic lymphohistiocytosis (FHL).

Column 1 provides the references, column 2 summarizes the patients and their ethnic origin and column 3 provides percentages for the different types

of FHL. Seven of the studies used genetic analysis and one protein screening.

Reference Numerical breakdown Percentages
‘Spectrum of perforin gene mutations in familial 34 families from various countries FHL1 = 10%
hemophagocytic lymphohistiocytosis’ [28] 7 families FHL2 mutations FHL2 =20%

‘Characterisation of diverse PRF1 mutations leading
to decreased NK cell activity in North American
families with haemophagocytic lymphohistiocytosis’
(31]

‘Genetic subtypes of familial hemophagocytic
lymphobhistiocytosis: correlations with clinical
features and cytotoxic T lymphocyte/natural killer
cell functions’[39]

‘Spectrum and clinical implications of syntaxin 11
gene mutations in FHL: association with disease-free
remissions and haematopoietic malignancies’[43]

‘Novel Muncl13—4 mutations in children and young
adults with haemophagocytic lymphohistiocytosis’
(38]

‘Mutation spectrum in children with primary
hemophagocytic lymphohistiocytosis: molecular and
functional analysis of PRF1, UNC13D, STX11 and
RAB27A[35]

‘Familial hemophagocytic lymphohistiocytosis:
protein screening, genetic analysis and ethnicity’
Walshe D, Peraj R, Maeney C

XIIth Meeting of the ESID, 2006

‘Muncl18-2 deficiency causes familial
hemophagocytic lymphohistiocytosis type 5 and
impairs cytotoxic granule exocytosis in patient NK
cells’[45]

50 families from North America

43 studied for perforin mutations (the other 7
unlikely to be FHL2)

25 families FHL2

35 patients with FHL in Japan
11 patients FHL2

8 patients FHL3
16 patients non-FHL2/FH3

28 families non-FHL2, various countries of origin
4 families FHL4 (all Turkish)

30 families with FHL, non- FHL2 (26 of Italian
origin)

15 families FHL3

63 unrelated patients from various ethnic
backgrounds

38 patients with mutations

20 patients FHL1

12 patients FHL2

6 patients FHL4 (all Turkish)

88 FHL patients from various ethnic backgrounds
underwent protein screening

80 FHL patients, ethnic background not reported

(FHL2 = 30% in Turkish patients)
FHL2 = 20-40%
(mutations and polymorphism)

FHL2 = 50%

FHL2 =31%
FHL3 =23%
Non-FHL2/3 = 46%

FHL4 = 14% of non-FHL2

FHL3 = 50% of non-FHL2 cases

FHL2 =32%

FHL3 =19%

FHL4=9-5%

Gene defect found;

80% of Turkish and 30% of
German patients

Perforin = 19%

Muncl3-4 =25%

SAP = 4%

52% cause not identified
FHL2 + FHL3 + FHL4 = 80%
FHL5 =10%

Unknown = 10%

activate a cascade that leads eventually to apoptosis of
the target cell [22]. In the absence of perforin, granzymes
can still enter into the target cell, but adequate toxicity is
not produced. Many missense mutations of PRF1 result
in a conformational change to the perforin molecule that
inhibits proteolytic cleavage of the perforin precursors. As a
result, no mature or functional form of the protein is
expressed [23].

More than 50 perforin mutations have been described to
date [8,23-35]. Data from these studies suggests that there is
genotype/phenotype correlation with regard to disease onset
and clinical severity. Deleterious non-sense mutations
resulting in no perforin production are associated with an
early age of disease onset [31], whereas patients with mis-
sense mutations (homozygous or compound heterozygous)
present at a later age [25,33]. The most common mutation
observed in white Caucasians is heterozygosity for C272T

© 2011 The Authors

causing an A91V substitution and has been proposed as a
disease-modifying mutation [36].

Perforin mutations (FHL2) account for 20-40% of all
FHL cases, with a somewhat higher prevalence in Turkey
[28]. The percentage of perforin mutations also appears to
be higher in North American families (approximately 50% of
all FHL cases). Notably in African American patients, all
individuals carry the same 50delT mutation, suggesting a
founder effect in the population [31]. In Japan the most
common perforin mutation is the 1090-1091delCT (62-5%
of perforin mutations); the second most common mutation
is the 207delC (37-5% of perforin mutations) [34], with
perforin mutations accounting for 40% of the total FHL
cases. Turkish families express the Trp374X perforin
mutation in high frequency, which is associated with early
disease onset [35], and Italian families express the A91V
sequence variant. That certain mutations are unique in some
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Cytotoxic T cell

Immunological synapse | (65-2)

Munc13-4
(FHL 3)

Cell death

Macrophage

Target cell

Fig. 1. Model of the molecular mechanisms of familial haemophagocytic lymphohistiocytosis. Following cytotoxic T cell activation and the

formation of the immunological synapse with the target cell, the microtubule organizing centre (MTOC) moves to the contact site repolarizing the

microtubule network. Lytic granules move along the microtubules towards the contact site and they dock to the plasma membrane. Priming and

fusion with the membrane follows and the contents of the lytic granules, i.e. perforin and granzymes, are released into the intercellular space,

causing rapid death of the target cell. Defects in trafficking [?lysosomal trafficking regulator (LYST)], docking (Rab27a), priming (Munc13-4) fusion
[syntaxin (STX)11 and STXB2 or Munc18-2) and target cell entry (perforin) all result in different types of the disease which are indicated. The

precise mechanisms and other effectors involved in the process remain to be elucidated.

populations suggests that each of the above perforin gene
abnormalities occurred in separate common ancestors and
may confer a survival advantage in heterozygote carriers [8].

The genetic basis of FHL3 was determined in 2003 [37].
The UNCI13D gene is located on chromosome 17q25
and encodes the Munc13-4 protein. Six different mutations
were identified originally in 10 patients from seven families.
The resulting clinical and immunological phenotype was
indistinguishable from that of FHL2 [37]. A further 12 new
mutations were identified in a cohort of 30 families with FHL,
where perforin mutations had been excluded [38]. Munc13-4
isamember of the UNC13 family of intracellular proteins and
is required for vesicle priming. It co-localizes with cytolytic
granules near the site of contact between the T cell and the
target cell. In FHL3 patients, docking of the lytic granules,
containing perforin and granzymes A and B, on the plasma
membrane is normal. Priming of the granules, before fusion
and subsequent release of cytolytic enzymes, is impaired.

In Japan Muncl3-4 mutations were found in six of 16
patients with FHL, suggesting that FHL3 may account for
20-25% of all FHL cases [39].

Syntaxin 11 (STXI11) is located on chromosome 6q24
and is the molecular basis of FHL4 [40]. The locus was
identified in a large consanguineous Kurdish family with five
children with FHL with a deletion in the STX11 gene. Three
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different mutations have been identified in a total of 10
FHLA4 patients from six different families, all of them with a
Turkish/Kurdish ethnic background. The product of the
STX11 gene is a protein, syntaxin 11, a member of soluble
N-ethylmaleimide-sensitive factor attachment protein
receptors present on target cell membranes (t-SNARES).
Syntaxin 11 is expressed in monocytes, NK cells and cyto-
toxic T cells and is involved in vesicle priming and mem-
brane fusion [41,42].

Mutations in the STX11 may account for 14% of non-
FHLI cases; the figure is higher (21%) for the Turkish popu-
lation [43]. Syntaxin 11 mutations have not been identified
in FHL patients in Japan [44] or in any other ethnic group,
suggesting that mutations in this gene may be limited to a
specific ethnic group.

Very recently, a new genetic locus has been identified as a
cause of FHL-5 by two separate groups [45,46]. The gene
is located on chromosome 19p and encodes for Munc 18-2
(or syntaxin binding protein 2, STXBP2), a protein involved
in the regulation of intracellular trafficking and control
of SNARE complex assembly and disassembly. Through
interaction with various SNARE proteins in different cell
types, STXBP2 contributes to the granule exocytosis
machinery [47,48]. Its interaction partner in lymphocytes is
syntaxin 11, the protein defective in FHL-4. The majority of
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mutations identified are homozygous missense mutations
affecting highly conserved residues at the binding site for
syntaxin 11, resulting in reduced expression of both proteins.
The less common splice site mutations have less impact as
part of the protein function and its interaction with syntaxin
11 is preserved. Degranulation of NK and T cells from
STXBP2-deficient patients is impaired, as is cytotoxic func-
tion of NK cells. Although the majority of patients are from
consanguineous Turkish and Saudi Arabian families, identi-
fication of mutations in patients from central Europe implies
that the defect is not confined to a specific ethnic group. The
frequency of FHL-5 is estimated at 10% of the total FHL
cases [45].

Despite genetic heterogeneity, patients with FHL generally
have a homogeneous and indistinguishable clinical pheno-
type, which is independent of the gene responsible for the
disease. A study of a Japanese cohort of patients with FHL2
and FHL3 suggested a correlation between the alloantigen-
specific CTL-mediated toxicity and the detected amount of
perforin expression [39], but these findings remain to be
confirmed. Higher serum ferritin and CD25 (sIL-2R) levels
have been associated with more severe cases of FHL2 com-
pared with FHL3 [49], but were performed in only one
ethnic group. A more recent study established a relationship
between ethnicity and genotype, PRF1 being more common
in patients from the Middle East, and STX11 presents almost
exclusively in Turkish patients [50].

Clinical presentation

Approximately 70-80% of patients with FHL manifest the
symptoms of HLH in the first year of life [51], with the peak
age of presentation between 1 and 6 months of age. In rare
cases, the disease may even develop in utero and be present at
birth [52]. Presentation at late age, even in teenagehood,
however, can also occur [53]. In addition, several adults
(oldest 46 years in our cohort) have been diagnosed with
FHL2 and are associated with missense mutations in the
perforin gene, which results in partial protein expression and
may account for the delayed presentation (K. Gilmour, per-
sonal communication). There is a tendency towards a similar
age at onset within the same families [3]. These rare cases
emphasize the heterogeneity of this disease and the diversity
of its clinical presentations [54]. Although the male to female
ratio is reported to be 1:1 [4], a review of 121 cases shows a
skewing to the male population with a male : female ratio of
1-28:1 [55]. X-linked lymphoproliferative disease (XLP) can
present with HLH and the presence of such cases among this
cohort may account for this discrepancy.

The most common symptoms of FHL are fever,
hepatosplenomegaly and cytopenias. Fever is typically pro-
longed and hepatosplenomegaly is pronounced and
progressive. Lymphadenopathy develops in fewer than half
the patients and is not usually remarkable. Oedema may be
present. Skin manifestations are common, but non-specific.

© 2011 The Authors
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Transient maculopapular, nodular or purpuric skin rashes
may develop and may be associated with high fever, and are
present in up to 30—40% of cases [5]. Neurological abnor-
malities are another prominent feature of the disease and are
associated with histiocytic infiltration into the central
nervous system (CNS), and are more common later in the
disease and may be a major feature of advanced FHL. The
younger patient may present with irritability, bulging fon-
tanelle, neck stiffness, hypotonia or hypertonia and convul-
sions in addition to other systemic symptoms. Cranial nerve
(VI-VII) palsy, ataxia, hemiplegia/tetraplegia, blindness,
unconsciousness and signs of raised intracranial pressure
may develop. The disease is often triggered by infections,
most commonly viral, but also bacterial. The most common
viral pathogens are Epstein—Barr virus (EBV), cytomegalovi-
rus and parvovirus [56].

Laboratory findings

Cytopenia is one of the most common findings of FHL, and
in particular thrombocytopenia. Anaemia and neutropenia
are also found at presentation. Reticulocytes are moderately
raised despite the severe anaemia. The hallmark of FHL is
impaired or absent NK cell and T cell cytotoxicity, although
the absolute numbers are usually normal. The NK cell cyto-
toxicity is also defective in cases of secondary HLH. Function
of NK cells and CTLs can be measured by the lysis of K562
erythroleukaemia cells in a chromium release assay.
Impaired NK cell cytotoxicity can also be found in asymp-
tomatic parents and siblings of patients, some of whom, but
not all, are carriers of the disease. Therefore, NK cell function
is not a useful tool in selecting siblings of FHL patients who
are at risk of developing the disease [57] and may reflect the
poor reliability of the assay.

Additional laboratory findings include hypertriglycer-
idaemia, hyperferritinaemia and liver dysfunction with
elevated lactate dehydrogenase, serum transaminases and
bilirubin. Hyperferritinaemia is very remarkable and char-
acteristic and should alarm clinicians of the diagnosis.
Patients can have coagulation abnormalities with hypofi-
brinogenaemia. Low fibrinogen is not usually associated
with disseminated intravascular coagulation. Any bleeding
tendency, when present in FHL, is usually the result of the
low platelets [58]. The lipoprotein pattern was studied in
nine children with FHL [18]. Triglycerides were elevated
markedly in serum and in low- and very low-density lipo-
proteins and cholesterol was raised in very low-density lipo-
proteins. Both cholesterol and triglycerides were extremely
low in high-density lipoproteins. All those abnormalities
were reversible and normalized when patients went into
remission.

Levels of the alpha chain of the IL-2 receptor (IL-2R), also
known as CD25, are high in serum and cerebrospinal fluid
of FHL patients. Other cytokines, such as IFN-y, may be
elevated. The concentration of CD25 correlates with disease
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activity and is elevated in children with untreated disease
and returns to normal after treatment, and may provide a
useful monitoring tool for the activity of the disease and
prediction of relapse [59].

The neurological abnormalities observed in FHL can be
associated with spinal fluid hyperproteinaemia and a mod-
erate pleiocytosis, predominantly of lymphocytes and
monocytes. More than 50% of patients will have these find-
ings in the CSE, even in the absence of clinical symptoms.
Caution must be exercised when performing a lumbar punc-
ture in patients with neurological symptoms in case of raised
intracranial pressure.

In patients with FHL there is accumulation of activated
macrophages, lymphocytes and haemophagocytosis in the
bone marrow, spleen, liver, lymph nodes and CNS. Hae-
mophagocytosis may not be found in the initial stages of the
disease [60,61]. In two-thirds of patients the bone marrow is
non-diagnostic initially. Repeat bone marrow aspirates over
time may eventually demonstrate haemophagocytosis. In
exceptional cases, and if bone marrow is non-diagnostic, a
biopsy from other organs, such as the liver or spleen [62,63],
may be useful although the risk of bleeding following splenic
biopsy must always be taken into account.

Diagnosis

If FHL is suspected, investigations should include full blood
count and blood film, liver function tests, triglycerides, fer-
ritin and coagulation profile. Bone marrow aspiration is per-
formed and, if negative initially, should be repeated at a later
stage if FHL is still a possible diagnosis. Lumbar puncture
should be considered when there is suspicion of neurological
involvement. A consensus set of criteria has been established
by the Histiocyte Society and was revised in 2007 (HLH 2004
diagnostic guidelines; Table 2) [61,64]. These criteria have
been extremely useful in allowing a clinical and laboratory
diagnosis of HLH to be made while more definitive molecu-
lar assays are being undertaken. Unless family history or
genetic testing is consistent with FLH, patients should
present with five of the eight criteria.

If there is any clinical suspicion, screening for primary
immunodeficiencies that present with HLH such as X-linked
lymphoproliferative disease (XLP), Griscelli syndrome (GS)
and Chediak—Higashi syndrome (CHS) should be per-
formed (see also next section). At Great Ormond Street Hos-
pital, rapid screening of perforin by fluorescence activated
cell sorter (FACS) flow cytometry has enabled a 2-h screen
for FHL2 (Fig. 2) [29,65]. FACS for perforin also identifies
heterozygous carriers of FHL2. In addition, a granule release
assay (GRA) has been developed that enables rapid screening
of the proteins involved in the transport and fusion of cyto-
toxic granules to the cell membrane, providing an alternative
tool for the assessment of the cytotoxic function of both T
and NK cells [66—68]. The GRA assay is based on surface
staining for CD107a (LAMP 1) on the surface of peripheral
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Table 2. Revised haemophagocytic lymphohistiocytosis (HLH) 2004
diagnostic criteria.

The diagnosis of HLH can be established if one of either 1 or 2 below
is fulfilled

1. A molecular diagnosis consistent with HLH

2. Diagnostic criteria for HLH fulfilled (five of eight criteria below)

Initial diagnostic criteria

1. Fever

2. Splenomegaly

3. Cytopenia affecting at least two of the three lineages in the
peripheral blood
Haemoglobin <90 g/1 (in neonates haemoglobin <100 g/1)
Platelets <100 x 10/9/1
Neutrophils <1-0 X 10A9/1

4. Hypertriglyceridaemia and/or hypofibrinogenaemia
Fasting triglycerides =3-0 mmol/I (i.e. =265 mg/dl)
Fibrinogen <1-5g

5. Haemophagocytosis in bone marrow, spleen or lymph nodes
No sigh of malignancy

Additional criteria
6. Low/absent natural killer cell activity
7. Hyperferritinaemia
Ferritin >500 pg/l
8. High soluble interleukin 2 receptor levels
sIL-2R =2400 U/ml

Additional comments (Table 2)
1. If bone marrow aspirate shows no haemophagocytosis look for
evidence in other organs or perform serial marrow aspirates
2. Diagnosis would be supported by:
(a) Spinal fluid pleiocytosis (mononuclear cells) and/or elevated
spinal fluid protein
(b) Liver biopsy showing findings consistent with chronic
persistent hepatitis
3. Other clinical and laboratory findings which would point towards
the diagnosis of FHL are: cerebromeningeal symptoms, lymph
node enlargement, jaundice, oedema, skin rash, hepatic enzyme
abnormalities, hypoproteinaemia, hyponatraemia, elevated very
low-density lipoproteins (VLDL) and low high-density lipoproteins
(HDL)

blood mononuclear cells (PMBCs) following stimulation
with phytohaemagglutinin (PHA) or anti-CD3 (Fig. 3a).
CD107a is present on the membrane of secretory granules
within T and NK cells. It can be detected on the cell surface
only when the secretory granules fuse with the cell
membrane. Detection of CD107a on the cell surface follow-
ing stimulation implies an intact pathway of granule exocy-
tosis and normal function of the proteins in that pathway.
Absence of CD107a expression on the cell surface suggests a
defect in secretory granule migration, docking, priming or
fusion. This screen cannot identify the exact defect. If the
GRA is absent or abnormal, Munc13-4 and syntaxin 11 are
screened by immunoblot followed by genetic analysis, as
indicated (Fig. 3b). The GRA has identified FHL-3, FHL-4,
GS and CHS patients as well as one patient with
Hermansky—Pudlak syndrome type II. Patients with FHL-5
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due to STXBP-2 mutations will also have defects on this
assay. Patients with FHL2 have normal GRA (K. Gilmour,
personal communication) [68].

Prenatal and pre-implantation diagnosis is possible by
genetic analysis once the gene defect within a family is
known. Prenatal diagnosis was first performed in two unre-
lated Turkish families harbouring a perforin mutation [69].

Differential diagnosis

Four different inherited immunodeficiency disorders can
present with HLH, with indistinguishable clinical presenta-
tion from FHL.

XLP, also known as Duncan’s syndrome, is caused by
mutations in the gene SH2D1A [70]. The gene encodes a
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Fig. 3. Granule release assay used to screen patients for familial haemophagocytic lymphohistiocytosis (FHL)3 and FHLA4. (a) Granule release
assay of CD8" T cells unstimulated or stimulated with anti-CD3. The normal individual is on the left, FHL3 patient in the middle and FHL4 patient
is on the right. Mutations are indicated on the plots. (b) Immunoblot showing absent Munc13-4 in a FHL3 patient (P) and normal Munc13-4

expression in two normal controls. A control protein actin is indicated below.
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protein known as SH2D1A or SAP [signalling lymphocyte
activating molecule (SLAM)-associated protein]. This
protein is important for signal transduction in a variety of
immune cells and for activation of cytotoxic function in
CTLs and NK cells. In T cells, the protein binds to intracel-
lular motifs of the SLAM. In NK cells, it binds predomi-
nantly to 2B4, an NK cell-activating receptor, with a 20-35%
homology with SLAM [71]. Mutations in SH2DIA result in
dysregulated signalling pathways and impaired cell-cell
interactions at multiple levels [72]: decreased IL-10 produc-
tion and inducible co-stimulatory molecule (ICOS) expres-
sion on CD4 T cells result in impaired T cell help and
impaired development of memory B cells and long-lived
plasma cells. NK T cell development is abrogated. The 2B4-
mediated IFN-y production and cytotoxicity of CD8 T cells
and NK cells is impaired. In addition, the polarization of
cytotoxic mediators such as perforin to the immunological
synapse and the subsequent target cell lysis is also defective in
CD8 T cells [73].

Mutations in the SH2D1A gene have been identified in
approximately 55-60% of patients with an XLP phenotype.
More recently, mutations in X-linked inhibitor of apoptosis
(XIAP) have been described as another cause of XLP with
similar defects of cytotoxicity [74]. The disease presents typi-
cally with EBV-related HLH, but other viral infections can
also trigger the clinical syndrome. Approximately 60% of
patients will develop fulminant infectious mononucleosis,
the majority whom die within 1-2 months [75,76]. In a
significant number of cases no infectious triggers have been
identified. Other clinical manifestations include hypogam-
maglobulinaemia and lymphomas. Patients are often com-
pletely asymptomatic, sometimes until adulthood, before the
clinical phenotype occurs.

In a series of 25 male patients with HLH, mutations in
SH2DIA were found in four patients, suggesting that all
male patients with HLH should be screened for XLP [77].
Flow cytometric detection of SAP provides a rapid tool for
diagnosis [65], and in Great Ormond Street hospital is per-
formed concurrently with screening for FHL2 (Fig. 2).
Detection of SAP by Western blot is an alternative method
but has now been largely superseded by the FACS-based
assays. Patients with XLP have normal GRA (K. Gilmour,
personal communication).

GS and CHS are autosomal recessive disorders associated
with partial albinism and immunodeficiency due to lysoso-
mal trafficking defects. GS is characterized by pigmentary
dilution with silvery grey sheen of hair. Three subtypes of the
disease have been described: GS1 is caused by mutations in
myosine VA (MYO?5a) [78] and GS2 is caused by mutations
in Rab27a [79]. Both these genes are located on chromosome
15q21. Recently, a third form of the disease (GS3) has been
described due to mutations in the melanophilin gene
(MLPH) [80]. Patients with GS1 do not develop HLH, but
have severe neurological abnormalities. Patients with GS3
have isolated hypopigmentation. Only GS2 patients with
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Rab27a mutations develop HLH. Rab27a interacts with
Muncl3-4 and is involved in cytotoxic granule exocytosis.
The Munc13-4/Rab27a complex is essential for docking of
the secretory granules with the plasma membrane in hae-
matopoietic cells [81,82].

CHS is caused by mutations in the lysosomal trafficking
regulator (LYST) gene, which was mapped to chromosome
1q43 [83]. The function of LYST is not yet clear but its
product seems to be involved in the final steps of granule
secretion.

In addition to HLH, CHS patients demonstrate hypopig-
mentation, bleeding tendency, neurological symptoms and
frequent pyogenic infections. Approximately 85% of CHS
patients develop HLH [84]. GS and CHS can be diagnosed
by microscopy on a shaft of hair.

Hermansky—Pudlak syndrome type II (HPS II) is charac-
terized by oculocutaneous albinism, bleeding and neutrope-
nia and is distinguished from other forms of the disease by
an increased susceptibility to infections [85]. It is caused by
mutations in the cytosolic adaptor protein AP-3 (AP3B1). A
single case of HPS II has been described which developed
fatal HLH [86]. The patient had impaired NK cell and CTL
cytotoxicity.

In addition to the above, well-established causes of
familial/primary HLH, other primary immunodeficiencies
such as DiGeorge syndrome [87], severe combined immu-
nodeficiency (SCID) and chronic granulomatous disease
[88] may occasionally present with features of HLH.

The clinical syndrome of HLH may also be associated
with severe infections, most commonly viral infections [pre-
dominantly of the herpes group and human immunodefi-
ciency virus (HIV)], but parasitic and bacterial infections
have also been reported. Leishmania infection in particular
may mimic or cause secondary HLH [89-91]. Visceral leish-
maniasis is a systemic disease caused by infection of the
reticuloendothelial system by the protozoan Leishmania.
It is endemic in the Mediterranean basin, but can also
be contracted during short visits. It presents with typical
clinical features of HLH, with fevers, pancytopenia and
hepatosplenomegaly. There are no discriminating signs from
other causes of HLH. Bone marrow examination reveals hae-
mophagocytosis in the majority of cases, but the protozoan
species are more difficult to identify and repeated bone
marrow aspiration, blood cultures or serology may be nec-
essary [91]. Liposomal amphotericin is the drug of choice.
The diagnosis should always be considered in patients
coming from endemic areas or those who have travelled to
endemic areas.

Haematological abnormalities such as leukaemia, lym-
phoma, aplastic anaemia and myelodysplastic syndromes
may present with features of HLH. Other malignancies, such
as solid tumours, and autoimmune diseases, especially sys-
temic onset juvenile rheumatoid arthritis and less frequently
rheumatoid arthritis or systemic lupus erythematosus (SLE)
have also been reported as being complicated by HLH. The
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term ‘macrophage activation syndrome’ (MAS) has been
used, especially in HLH complicating autoimmune syn-
dromes [92]. These cases of HLH presenting in adults or
older children have been described as ‘secondary’ HLH.
However, recent studies in haematological malignancies
identified increased frequency of genetic defects such as
those of perforin and SAP [26,93,94], implying a pre-
existing genetic predisposition for the development of the
disease in some cases. Although there are no accurate data
about the incidence of secondary (acquired) HLH, second-
ary cases are more common overall than familial HLH.

Treatment

If left untreated, FHL is fatal with a median survival of 2
months. Patients will die of overwhelming infections, or
uncontrolled systemic inflaimmation and multi-organ
failure. The treatment involves initially the control of infec-
tious triggers and of the immune dysregulation with che-
motherapeutic regimens followed by definitive treatment
with haematopoietic stem cell transplant (HSCT). Treat-
ment should be started early once a clinical and laboratory
diagnosis has been established, given the high mortality
rate of FHL, and even if molecular diagnosis is not
available.

Several chemotherapeutic regimens have been used in the
past targeting activated macrophages/histiocytes and T cells.
In 1994 the Histiocyte Society produced a consensus study
protocol (HLH-94), which includes the combination of
intravenous etoposide, oral or intravenous dexamethasone
and, in patients with progressive neurological symptoms or
abnormal cerebrospinal fluid (CSF), intrathecal methotrex-
ate. Alternative regimens have used the T cell depleting agent
anti-thymocyte globulin (ATG) [95]. A modified protocol
(HLH-2004) with the addition of oral cyclosporin is being
used currently (Table 3) [61,64]. Initial treatment lasts for 8
weeks followed by maintenance therapy with etoposide at
lower doses, prednisolone and cyclosporin A in order to
sustain remission until HSCT is performed. Supportive treat-
ment includes broad-spectrum antibiotics, prophylactic
co-trimoxazole, oral anti-mycotics, antiviral therapy if indi-
cated and intravenous immunoglobulin.

If there is no response to the initial treatment, the prog-
nosis is poor. Patients should be monitored closely for reac-
tivation, especially of the CNS system. For CNS reactivation
the use of dexamethasone and intrathecal therapy with
methotrexate and prednisolone is recommended [12].
Cyclophosphamide may also be useful. Reactivations are
common when the therapeutic intensity is reduced, after an
infection or a vaccination. If reactivation of the disease
occurs, the patient should be restarted at week 2 of the initial
treatment. Satisfactory alternative treatment options are
lacking, The use of drugs such as anti-TNF antibodies
[96,97], anti-CD25 [98], Campath-1H [12] or even fludara-
bine [99] have been reported to be beneficial is selected cases,
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but the value of these therapies remains to be proved in
larger series of patients. The therapeutic use of an anti-IFN-y
antibody resulted in recovery from HLH in the perforin-
deficient and Rab27a-deficient mouse models infected with
LCMYV [100]. This suggests that neutralization of IFN-y can
potentially be used for symptom control in humans both for
familial cases but also for secondary HLH. At present, early
diagnosis, close monitoring and prompt treatment are the
only ways to reduce mortality before definitive treatment
is given.

The only curative treatment available to date is HSCT. The
first case treated with a human leucocyte antigen (HLA)-
matched HSCT was reported in 1986 [101]. The results of
the HLH-94 protocol showed an overall 3-year probability of
survival of 51% for the familial cases and 62% for all cases
following HSCT [102]. The only independent association
with improved survival is inactive disease after 2 months of
HLH-94 therapy. Most deaths occur in the first year post-
transplantation, and the likelihood of relapse is limited after
the second year [103]. The overall survival is good when a
matched donor is available, but following mismatched trans-
plants survival is reduced [104].

Patients receiving HSCT are at risk of developing any of
the usual complications of HSCT, but it seems that veno-
occlusive disease and pneumonitis are the main causes of
treatment-related mortality (TRM). A reduced intensity
conditioning regimen (RIC) appears to be sufficient to cure
the disease, even with mixed chimerism, while reducing
TRM [104]. Although the risk of rejection may be higher,
RIC has a favourable survival compared with conventional
HSCT [105] and therefore it is the treatment of choice, at
least for patients with pre-existing risk factors for HSCT.

Disease persistence or reoccurrence is a particular
problem in HLH. Approximately 50% of patients develop

Table 3. Summary of the haemophagocytic lymphohistiocytosis
(HLH)-2004 treatment protocol (the complete protocol is available on
request at http://www.histiocytesociety.org).

Initial therapy (weeks 1-8)

Etoposide intravenous 150 mg/m? twice weekly for 2 weeks and then
weekly

Dexamethasone intravenous daily 10 mg/ m* for 2 weeks, 5 mg/ m* for
2 weeks, 2-5 mg/ m? for 2 weeks, 125 mg/ m* for 2 weeks, tapering
for 1 week

Cyclosporin A oral daily, aiming at trough levels of 200 ug/l

Intrathecal methotrexate (up to 4 doses) weeks 36 if there is central
nervous system involvement

Continuation therapy (week 9 until haematopoietic stem cell
transplant)

Etoposide 150 mg/m?* every second week alternating with
dexamethasone

Dexamethasone intravenous 10 mg/ m?x 3 days every second week

Cyclosporin A daily oral aiming at trough levels of 200 g/l

Reactivation therapy

Restart from week 2 of initial therapy
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mixed chimerism; sustained remission can be achieved with
a stable chimerism of 10-20% of leucocytes [95], but long-
term protection can be achieved with a donor chimerism
limited to T cells [104].

Another important factor in determining outcome is
disease activity at the time of transplantation. In patients
who are transplanted with active disease, survival following
HSCT is ~50% [64,95,102]. It is therefore imperative to
achieve optimal disease control at the time of HSCT in order
to improve survival. Patients should be monitored closely for
signs of reoccurrence before HSCT.

Given the cases with late-onset FHL, the possibility of the
sibling carrying the disease should be considered when
searching for an HSCT donor and all family members should
be screened for FHL.

Conclusion

There has been a significant progress in the diagnosis and
treatment since FHL was first recognized. Most of the genetic
defects causing FHL have been identified. Further research to
identify other as yet unknown genes resulting in the same
clinical phenotype is still required. Epidemiological studies
need to be performed to establish the true incidence of the
disease and to characterize more clearly the genotype/
phenotype correlation across the various ethnic groups.

With the establishment of consensus criteria for the diag-
nosis and treatment of the disease and increased awareness,
the overall outcome for these patients has greatly improved.
However, despite progress, disease mortality remains signifi-
cantly high, making the need for improved treatment the
major challenge for the future. The fact that HSCT is a cura-
tive treatment for FHL confirms that a genetic defect in
haematopoietic cells is the primary cause of the disease, pro-
viding scope for gene therapy as an alternative treatment in
the future.
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