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Review

Chronic mucocutaneous candidiasis: a spectrum
of genetic disorders

Amit Nahuma,b*

ABSTRACT
Chronic mucocutaneous candidiasis (CMCC) encompasses a heterogeneous group of syndromes associated
with persistent or recurrent Candida infections of the skin, nails, and mucous membranes. While chronic candi-
diasis can present by itself or as part of a complex, including endocrinopathy, autoimmune manifestations, bone
marrow failure and neoplastic diseases, it is often regarded as a warning sign for immunodeficiency. Here, we
review the processes involved in host-microbial recognition of Candida and highlight underlying genetic causes
of CMCC—including those that are monogenic (such as mutations in AIRE and STAT1) as well as polymor-
phisms that increase susceptibility to candidal infection.

Statement of novelty: This review provides an overview of the pathophysiology of Candida fungal infection as
well as genetic defects that have been identified to cause CMCC.

Introduction

Chronic mucocutaneous candidiasis (CMCC)
encompasses a heterogeneous group of syndromes asso-
ciated with persistent or recurrent Candida infections of
the skin, nails, and mucous membranes (Kirkpatrick
1994). While chronic candidiasis can present by itself
or as part of a complex, including endocrinopathy,
autoimmune manifestations, bone marrow failure and
neoplastic diseases, it is often regarded as a warning sign
for immunodeficiency. Indeed, much current knowl-
edge is derived from study of families and individuals
with immune dysfunction.

Although the exact mechanisms underlying CMCC
are still being unraveled, advancements made in whole
genome sequencing techniques have been key to further-
ing our understanding of the pathophysiology as well
genetic causes of this disorder. Here, we review the

pathophysiology of Candida fungal infection as well as
genetic defects that have been identified to cause CMCC.

Candida infection in healthy and
immunocompromised individuals

Candida spp. are part of the commensal microflora
and often found on mucosal surfaces including the
mouth, intestine, vagina, and skin of healthy individ-
uals. These microorganisms contribute to the develop-
ment of the host immune system, however, can act as
opportunistic pathogens when there is microbial imbal-
ance, for example, due to immune suppression associ-
ated with antibiotic or steroid treatment. C. albicans is
among the most prevalent and well-studied micro-
organism identified in CMCC.

Most healthy women will experience transient vaginal
candidiasis at some point in their lifetime (Sobel 2007).
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In contrast, Candida infection in an immunocompro-
mised individual can cause severe systemic infection,
candidemia, which in turn can be fatal in a considerable
number of patients (Das et al. 2011). Almost all onco-
logic patients with neutropenia experience oropharyn-
geal candidiasis (Viscoli et al. 1999), and in patients
undergoing bone marrow transplantation, as many as
40% suffer systemic infections. Of these, 4% are infected
with Candida and the associated mortality rate may be
as high as 42% (Ortega et al. 2005).

Another risk factor for candidemia is prolonged
hospitalization; such is the case for patients in inten-
sive care (Das et al. 2011). Surgical procedures and
insertion of medical devices are also associated with
higher incidence of candidemia and is augmented by
the ability of Candida to create biofilms on medical
devices such as central vein catheters (Donlan and
Costerton 2002). Neonates with central catheters expe-
rience high rates of bloodstream infections, with
Candida being the third most common microbial
source (Chitnis et al. 2012).

It is important to note that in most patients with can-
didiasis, no single genetic cause can be found. Rather,
susceptibility to infection is due a combination of genetic
variants (polymorphisms) and environmental factors, as
mentioned above. In contrast, the underlying causes of
CMCC may be monogenic (Table 1), such as single gene
mutations in autoimmune regulator (AIRE), signal

transducer and activator of transcription-1 (STAT1)
and -3 (STAT3), or the result of polymorphisms in genes
encoding Dectin-1, NACHT LRR and PYD-containing
protein 3 (NLRP3), protein tyrosine phosphatase non-
receptor type-22 (PTPN22), and Toll-like receptors
(TLRs) which contribute to disease susceptibility
(Table 2). Candidiasis in these circumstances can be
a dominating, constitutive feature or an associated,
inconsistent sign.

Detection of Candida by immune cells

The cell membrane of Candida consists of 2 distinct
layers; an inner layer composed of polysaccharides such
as chitin, 1,3-beta-glucans and 1,6-beta-glucans, and an
outer layer structured mainly of proteins that are man-
nosylated with mannan side-chains. These components
serve as ligands for receptors of the innate immune sys-
tem, such as TLRs and C-type lectins (CLRs) that are
found on the surface of immune cells (Smeekens et al.
2013a).

Pattern recognition receptors are requisite for host
microbial recognition of Candida (Figure 1). Whereas
TLR2 recognizes phospholipo-mannans (Jouault et al.
2003), TLR4 recognizes O-linked mannans (Netea et al.
2006; Ferwerda et al. 2009). CLRs such as Dectin-2
recognize mannose residues (McGreal et al. 2006) while
Dectin-1 is activated by β-glucan (Brown and Gordon
2001; Rogers et al. 2005). Upon ligation, these receptors

Table 1: Monogenic defects associated chronic mucocutaneous candidiasis.

Gene Inheritance Phenotype and immune characteristics Reference

AIRE AD Autoantibodies to IL-17A/F and IL-22 Nagamine et al. 1997;
Meager et al. 2006;
Puel et al. 2010

CARD9 AR Reduced Th17 responses Glocker et al. 2009
STAT3 AD HIES, Absent Th17 cells Holland et al. 2007
TYK2 AR HIES, T cell defects Minegishi et al. 2006
DOCK8 AR HIES, T cell defects, Th17 polarization Engelhardt et al. 2009
STAT1 AD Reduced Th17 responses, IFN-γ

Gain-of-function mutations—isolated CMCC
CMCC IPEX-like (autoimmunity, recurrent infections)
Loss-of-function mutations—progressive combined immunodeficiency

van de Veerdonk et al. 2011;
Uzel et al. 2013; Sharfe
et al. 2014

CD25 AR Combined immunodeficiency, immune dysregulation. Sharfe et al. 1997
IL-17F AD CMCC Puel et al. 2011
IL-17RA AR CMCC and S. aureus infection Puel et al. 2011
IL-17RC AR Candidiasis (isolated) Ling et al. 2015
ACT1 AR Candidiasis (oral), recurrent blepharitis (S. aureus) Boisson et al. 2013
IL-12Rβ1 — Candidiasis, reduced IFN-γ Ouederni et al. 2014
RORC — Candidiasis and mycobacteria infections Okada et al. 2015

Note: AD, autosomal dominant; AR, autosomal recessive; CMCC, chronic mucocutaneous candidiasis; HIES, hyper IgE syndrome.
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Table 2: Susceptibility genes associated with chronic mucocutaneous candidiasis.

Gene Phenotype and immune characteristics References

Dectin-1 CMCC, reduced IL-1β and Th17 mediated responses Plantinga et al. 2009
MBL2 Recurrent vulvo-vaginal candidiasis Babula et al. 2003;

Giraldo et al. 2007
NLRP3 Recurrent vulvo-vaginal candidiasis, reduced IL-1β Lev-Sagie et al. 2009
TLR1 Reduced IL-1β, IL-6, IL-8 Plantinga et al. 2012
TLR2 Reduced IFN-γ, IL-8 Woehrle et al. 2008
TLR3 CMCC, bacterial, viral infections, autoimmunity

L412F variant showing reduced biological activity
Reduced IFN-γ, IL-6

Nahum et al. 2011, 2012

TLR4 Candidemia, elevated IL-10 Van der Graaf et al. 2006
PTPN22 Autoimmunity, CMCC Nahum et al. 2008
IL-4 Recurrent vulvo-vaginal candidiasis and systemic candidemia Babula et al. 2003;

Choi et al. 2003
IL-12β Candidemia bloodstream, reduced IFN-γ Johnson et al. 2012
IL-10 Candidemia bloodstream, elevated IL-10 levels Johnson et al. 2012

Figure 1: Overview of immune response elements involved in host defense against Candida albicans. Cell
wall components of C. albicans (such as mannans and β-glucan) are recognized by Toll-like receptors
(TLRs) and C-type lectins (CLRs) present on antigen presenting cells and T cells. Receptor-ligand
engagement initiates an inflammatory response through activation of several transduction pathways. The
adaptive immune response is triggered by Th1 to Th17 cell polarization, which in turn initiates secretion
cytokines such as IL-17 and IL-22 to recruit polymorphonuclear leukocytes (PMN) to the site of infection.
Defects in molecules associated with CMCC are marked in red.
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signal through different downstream adaptor molecules
and kinases, resulting in secretion of pro-inflammatory
cytokines. At the same time, host recognition of the
pathogen ensures phagocytosis and killing of the patho-
gen and presentation to other immune cells.

The prompt and correct recognition by these recep-
tors also define and shape the next phase of the immune
response by adaptive immune components (Akira et al.
2006). Recently, it was shown that exposure of Candida
to healthy individuals induces expression of type I
interferon (IFN) family cytokines, skewing the immune
response towards Th1 responses. This resulted in
a unique cytokine profile that was different from
that induced by bacterial pathogens (Smeekens et al.
2013b).

Th1 and Th17 cell-mediated responses are central for
controlling Candida infections. Their precise role was
elucidated through different genetic defects and autoim-
mune phenomenon resulting in reduced interleukin
(IL)-17F, IL-17A, and IL-22 activity alongside the
occurrence of fungal infections. The differentiation of
naïve T cells to Th17 cells is dependent upon a certain
cytokine milieu. Upon recognition of fungal cell wall
elements by pattern recognition receptors on activated
T cells and antigen presenting cells, cytokines such
as IL-1β, IL-6, IL-21, IL-23 and transforming growth
factor (TGF)-β are secreted. These lead to activation of
transcription factors STAT-1, STAT-3 and retinoic acid
orphan receptor-γt (RORγt), resulting in polarization to
Th17 cells which in turn exert their effects by secreting
IL-17A, IL-17F, IL-22 (Ivanov et al. 2006; Yang et al.
2007). These cytokines further induce secretion of
chemokines that attract neutrophils to sites of infection,
and act in concert with TNF-α and IL-22 to induce
anti-microbial peptide (AMP) from endothelial
cells (Iwakura et al. 2011; Hernández-Santos and
Gaffen 2012; McGeachy and McSorley 2012; Rutz
et al. 2013).

Together, these components are necessary to control
and overcome Candida infections. Aberration or
immune dysregulation during any of these steps is
thought to underlie CMCC.

Monogenic defects causing CMCC

Several monogenic defects are known to cause
CMCC. These are described in the next paragraphs.

Autoimmune regulator (AIRE) deficiency
Autoimmune polyendocrinopathy-candidiasis-

ectodermal dystrophy (APECED) associated CMCC
was the first to be described and deciphered genetically.
APECED is caused by mutations in the AIRE gene,
resulting in loss-of-function of the encoded AIRE tran-
scription factor (Nagamine et al. 1997; Björses et al.
1998). It is transmitted in an autosomal recessive man-
ner, and is found mainly in certain populations;
1:25 000 in Finns, 1:14 500 in Sardinians and 1:9000 in
Iranian Jews. While more than 50 mutations have been
described to date, the most common mutation is the
R257X variant identified in the Finnish population. It
is noteworthy, however, that the majority of patients
with CMCC outside of these ethnic groups do not carry
mutations in AIRE.

APECED is characterized by the classic triad of
chronic candidiasis (appearing in almost all patients),
adrenal failure which is present in 84% of patients,
and hypoparathyroidism which presents in 88% of
patients. Hypogonadism is also very common (mainly
ovarian failure, and to lesser extent male hypogonda-
sim). Such individuals may also present with other
endocrynopathies; hypothyroidism and diabetes
mellitus are found in as many as 1/3 of patients
(Perheentupa 2006). Skin is often involved and
appears dystrophic, and common skin manifestations
include vitiligo and alopecia, which is found in as
many as 30% of patients. Teeth enamel is also fre-
quently affected. Physicians should stay alert for
occurrence of keratoconjunctivitis which could lead
to blindness. Other less common manifestations are
chronic diarrhea as well as bouts of rash and fever
(Perheentupa 2006). Hepatitis, ranging from asympto-
matic elevated liver enzymes to severe necrotizing hep-
atitis, has been reported in 12 of 68 patients and
pernicious anemia in 13 of 68 patients (Ahonen
et al. 1990).

The AIRE transcription factor is responsible for regu-
lating the expression of autoantigen receptors on thymo-
cytes. During lymphocyte maturation in the thymus, the
random rearrangement of antigen-specific receptor genes
produces a vast and diverse repertoire of receptors, some
of which mistakenly recognize “self” as “non-self”. To
prevent autoimmunity, these cells undergo clonal
deletion, a process that is closely regulated by AIRE in
thymus medullary epithelial cells. Thus, T cells recogniz-
ing these antigens with high affinity are clonally deleted.
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AIRE deficiency resulting in loss-of-function thus allows
T cell expressing autoantigen receptors to expand to the
periphery and induce autoimmunity.

While the mechanisms underlying the autoimmune
phenomena and endocrinopathies associated with
CMCC could be explained by defects in AIRE itself,
the link between the IL-17 pathway and chronic candi-
diasis (which is frequently the presenting symptom
and almost invariably present) was only recently
elucidated.

The first clue came from reports of high titers of neu-
tralizing antibodies to type I IFNs (Meager et al. 2006).
In a study involving Finnish and Norwegian popula-
tions, almost all patients with APECED exhibited auto-
antibodies to IFN-α subtypes as well as IFN-ω. More
recently, neutralizing antibodies against IL-17A,
IL-17F, and IL-22 were also detected (Kisand et al.
2010; Puel et al. 2010). These cytokines are critical for
the inflammatory response against Candida, and the
presence of such autoantibodies likely explains candi-
diasis in these patients. Interestingly, susceptibility to
candidal infection may result from both abnormal
adaptive and innate immunity. Further studies are
needed to fully decipher the pathophysiology of AIRE
deficiency in CMCC, given the interaction of AIRE with
the beta-glucan receptor Dectin-1 pathway components
such as caspase recruitment domain-containing protein
9 (CARD9) and Syk (Pedroza et al. 2012). TNF-α pro-
duction following stimulation of the Dectin-1 pathway
is reduced in patients with AIRE deficiency. In addition,
it appears that organ involvement and severity of dis-
ease is also affected by genetic background and modify-
ing genes such as HLA (Betterle et al. 1998; Karvonen
et al. 2000).

Signal transducer and activator of
transcription-1 (STAT1) dysfunction
The signaling molecule STAT1 mediates cellular

responses following type I and type II IFN receptor liga-
tion, as well as IL-23 and IL-12 receptor engagement.
Monoallelic mutations in STAT1 have been identified
in patients with CMCC (van de Veerdonk et al. 2011),
although the clinical manifestations were limited to the
skin, nails, and mucous membranes, as well as increased
incidence of hypothyroidism. The reported STAT1
gain-of-function mutations occurred in the coiled-coil
domain, resulting in reduced production of IL-17,
IL-22, and IFNγ, thereby linking these defects with

aberrant Th17 cell activity. It was proposed that overex-
pression and activity of type I, type II, and type III IFNs
inhibited Th17 differentiation (Liu et al. 2011; Maródi
et al. 2012). However, this is in counter to recent find-
ings highlighting the central role of IFNs in the protec-
tive host response to Candida (Smeekens et al. 2013a).

We recently described a group of CMCC patients
with loss-of-function STAT1 mutations (Sharfe et al.
2014). These patients were phenotypically different
from previous reports, where alongside chronic candi-
diasis, individuals also suffered recurrent infections
with bacterial and viral pathogens (cytomegalovirus,
John Cunningham virus) as well as severe autoimmune
phenomena reminiscent of a combined immuno-
deficiency phenotype. Immunologic laboratory evalu-
ation revealed progressive loss of T and B cell function.

It is important to note that mutations in STAT1 have
been reported in several other phenotypically different
immunodeficiencies, such as the Mendelian susceptibil-
ity to mycobacterial diseases (MSMD) (Boisson-Dupuis
et al. 2012). A possible explanation for the diverse phe-
notypes include mutations which target different
regions of STAT1, thereby affecting other cellular func-
tions. Another explanation may be that defects in other
modifying genes are present, resulting in different
phenotypes.

Caspase recruitment domain-containing
protein 9 (CARD9) deficiency
Mutations in the signal transduction molecule

CARD9 have also been identified as a cause of CMCC.
CARD9 signals downstream of Dectin-1 as well as
Dectin-2 and Mincle (Gross et al. 2006; Robinson et al.
2009). The mode of inheritance appears to be autosomal
dominant, with the phenotype consisting mainly of
recurrent chronic candidiasis as well as systemic infec-
tions(Glocker et al. 2009; Lanternier et al. 2012).

Interleukin-17 pathway defects
Mutations in the cytokine IL-17F and cytokine recep-

tor IL-17RA causing CMCC have been reported, high-
lighting the role of the IL-17 pathway in mucocutaneous
immunity against Candida. One patient born to consan-
guineous parents presented with candida dermatitis, and
was found to have a homozygous mutation in IL-17RA
(Q248X) which was transmitted in an autosomal reces-
sive manner. The patient’s peripheral mononuclear cells
and fibroblasts lacked IL-17RA expression, resulting in

Nahum – Chronic mucocutaneous candidiasis: a spectrum of genetic disorders

LymphoSign Journal • Vol. 4, 2017. 91

L
ym

ph
oS

ig
n 

Jo
ur

na
l D

ow
nl

oa
de

d 
fr

om
 ly

m
ph

os
ig

n.
co

m
 b

y 
18

.2
16

.5
7.

20
7 

on
 0

5/
17

/2
4



absent responses to IL-17A/F (Puel et al. 2010). Levy and
colleagues later reported a case series of 21 patients with
IL-17RA mutations. While some had CMCC, others also
suffered recurrent bacterial infections (Lévy et al. 2016).
A separate kindred was reported to have a heterozygous
mutation in IL-17F, showing impaired cytokine secre-
tion (Puel et al. 2010). The inheritance was suggested
to be autosomal dominant, although there were other
asymptomatic family members with the same muta-
tion, indicating a model of incomplete penetrance.

Biallelic mutations in ACT1, an adaptor protein
downstream of the IL-17 receptor which activates
nuclear factor κB (NFκB), MAPK, and C/EBP path-
ways, has been reported in a kindred of 2 brothers
who presented with chronic oral candidiasis and
recurrent blepharitis with S. aureus (Boisson et al.
2013). Mutations in IL-17RC, another member of the
IL-17 pathway, resulted in IL-17RC deficiency in
3 unrelated kindreds involving an Argentinian and
2 Turkish patients. All had CMCC with no other infec-
tions, no autoimmune phenomena and a normal B and
T cell immune workup (Ling et al. 2015). This same
pathway is affected by biallelic mutations in RORC,
resulting in deficiency of IL-17 producing T cells as
well as defective INF-γ responses to mycobacteria.
These patients from 3 kindreds presented with suscep-
tibility to mycobacterial infections—this was fatal in
1 child with disseminated BCG infection. Most of
the patients also had chronic candidiasis (Okada
et al. 2015).

Signal transducer and activator of
transcription-3 (STAT3) dysfunction
Some monogenic diseases may feature CMCC as a

component of the clinical manifestations. In such cases,
CMCC is not a predominant feature and may not
always be present. Autosomal dominant hyper IgE syn-
drome (AD-HIES) has been shown to result in CMCC.
The main clinical features include eczema, recurrent
skin infections, cold abscesses, as well as recurrent
severe pneumonia with pneumatocele formation, which
is typical of S. aureus infections. Among these infec-
tions, persistent mucosal and skin candidiasis and other
fungal infections are often seen. Patients may also have
defects in bone formation resulting in skeletal defects,
as well as coarse facial features.

AD-HIES is caused by mutations in STAT3
(Holland et al. 2007; Minegishi et al. 2007), a signaling

molecule downstream of the IL-23 receptor. The
defect in STAT3 results in reduction in Th17 cell
numbers and absent IL-17 secretion (de Beaucoudrey
et al. 2008).

Dedicator of cytokinesis 8 (DOCK8)
deficiency
CMCC has been attributed to mutations in DOCK8,

a member of the DOCK180-related protein family
which is also involved in Th17 polarization
(Engelhardt et al. 2009). The autosomal recessive form
of HIES caused by defects in DOCK8 is phenotypically
different, with patients showing highly elevated levels
of IgE and eosinophilia. In this disorder, CMCC is
not one of the main features but, rather, part of the
severe combined immunodeficiency state with viral
and bacterial infections (Zhang et al. 2009). Patients
experience severe recurrent sinopulmonary infections,
recurrent viral infections especially of the skin (herpes
simplex, herpes zoster, molluscum contagiosum, and
human papilloma virus), alongside atopic disease such
as atopic dermatitis and food allergies. Hepatic disor-
ders and high incidence of neoplastic disease, vulvar,
facial, and anal squamous cell dysplasia and carcino-
mas, as well as T cell lymphoma-leukemia are also
common. The overall immunologic profile of these
patients, which include lymphopenia and reduced
lymphocyte proliferation, is typical of combined
immunodeficiency.

Tyrosine Kinase 2 (TYK2) deficiency
CMCC associated with HIES is caused by mutations

in TYK2 (Minegishi et al. 2006), which encodes for a
tyrosine kinase from the Janus kinase (JAK) family.
The patient reported had characteristic features of both
autosomal recessive HIES and atypical mycobacteriosis
and chronic candidiasis.

CD25 deficiency
CD25 (or IL-2Rα) deficiency causes a combined

immunodeficiency phenotype. Patients present with
severe chronic candidiasis, bacterial and viral infec-
tions, as well as autoimmune phenomena (Sharfe
et al. 1997). This autosomal recessive defect results in
severe reduction in T cell numbers, with B cells show-
ing normal development. Due to lack of regulatory
mechanisms and abnormal proliferation, these
patients experience lymphocytic infiltration of tissues,
lung, liver, bone and skin causing inflammation and
severe damage.
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Patients with CD25 deficiency suffer from chronic
candidiasis as well as invasive candidemia (Ouederni
et al. 2014). Several genetic variants were also associated
with CMCC, some with isolated candidiasis while
others as part of a complex syndrome.

Protein tyrosine phosphatase non-receptor
type-22 (PTPN22) mutations
Mutations in PTPN22, encoding Lyp, are associated

with wide variety of autoimmune diseases. In particular,
the R620W variant is found in significantly high preva-
lence in a group of CMCC patients (Nahum et al. 2008).
The substrates for Lyp phosphatase activity include Lck,
Fyn, Zap70 and the TCR zeta chain, and Lyp is also
known to interact with Csk, an Src negative regulatory
kinase. Whereas Lyp overexpression downregulates TCR
signaling, Lyp deficiency has been shown to enhance T cell
activation. The R620W variant is a gain-of-function
mutation, resulting in defects in central as well as periph-
eral tolerance (Gregorieff et al. 1998; Gjörloff-Wingren
et al. 1999; Vang et al. 2005), as seen in rheumatoid arthri-
tis, systemic lupus erythromatosis, and adrenal insuffi-
ciency (Bottini et al. 2004; Wu et al. 2005; Michou et al.
2007). While the underlying mechanism is not completely
understood, it may well be related to disruption of regula-
tory mechanisms which are known from other genetic
defects to promote colonization with Candida.

Susceptibility genes associated
with CMCC

Polymorphisms in genes that result in innate immune
related defects are also responsible or associated with
chronic candidiasis.

Such is the case of Dectin-1 single nucleotide polymor-
phisms (Ferwerda et al. 2009). Dectin-1 is an important
sensor of Candida, which recognizes the microbial cell
wall constituent β-glucan. The Y238X variant, found in
as much as 8% of European and 40% of sub-Saharan
African populations, has been suggested to confer sus-
ceptibility to mucosal candidiasis but not systemic candi-
demia (Rosentul et al. 2011). Reduced secretion of IL-1β
and attenuation of Th17 responses have been reported
for this variant (Plantinga et al. 2009).

Polymorphisms or variants in TLR receptors were also
reported as susceptibility genes for chronic candidiasis.
The TLR2 R753Q variant was shown in 1 study to be

associated with candidiasis through reduced IFN-γ and
IL-8 secretion (Woehrle et al. 2008). The TLR4 variants,
D299G and Y399I, have also been reported as risk factors
for invasive blood stream candidemia (Van der Graaf
et al. 2006). We have previously shown that a variant of
TLR3, L412F, confers susceptibility to CMCC (Nahum
et al. 2011). Responses to stimulation with Candida as well
as TLR3 ligands were significantly abrogated, resulting in
reduced secretion IFN-γ (Nahum et al. 2012).

Recently, polymorphisms in TLR1 were shown to con-
tribute to high risk of candidemia, likely through effects
on IL-8 and IFN-γ levels (Plantinga et al. 2012).
Recurrent vulvo-vaginal candidiasis is a common finding
in individuals with polymorphisms in the inflammasome
protein NLRP3 (Lev-Sagie et al. 2009), as well another
innate receptor gene, MBL2, which encodes for mannose
binding lectin (Babula et al. 2003; Giraldo et al. 2007).
Recent studies suggest an important role for the inflam-
masome product IL-1β in eliciting a proper T cell medi-
ated responses to Candida (Zielinski et al. 2012).

Chronic disseminated candidiasis has also been
reported in association with changes in IL-4 (Choi
et al. 2003), and persistent candidemia shown with
variants of IL-12b and IL-10 (Johnson et al. 2012).

Concluding remarks

Chronic candidiasis is a feature present in a broad range
of diseases, from isolated candidiasis involving skin and
mucous membrane, to syndromes encompassing severe
immunodeficiency and autoimmunity. A careful immune
workup is therefore necessary, and should include
thorough genetic and functional studies. Issues to consider
include different treatment modalities (as is the case for
STAT1 loss-of-function mutations, where bone marrow
transplantation may be of benefit but is complicated by
the many phenotypes associated with this gene) and the
possibility that prolonged and repeated courses of
anti-fungal treatment may result in microbial resistance.

It is important to note that although monogenic
immunodeficiency disorders are interesting and insightful
with regard to mechanisms of infection; in the vast major-
ity of Candida infections, the cause is multifactorial.
These include susceptibility genes found in large numbers
of the general population in combination with factors such
as altered local microbial flora (resulting from use of
antibiotics, immunomodulators, and chemotherapy).
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Together, these stress the need for improved under-
standing of the mechanisms underlying susceptibility
to Candida infection, which may pave the way for new
and innovative treatment strategies. Of equal impor-
tance is the implementation of large population-based
genetic studies combined with methods from the fields
of functional genomics and mathematical-biological
methods. Targeting future treatments towards key mol-
ecules may prove to be beneficial to a large number of
patients suffering from Candida infections such as those
with hematological malignancies and other immuno-
compromised patients.
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Novel Mutation

The novel p.Gly306Asp perforin mutation causes
familial hemophagocytic lymphohistiocytosis type 2
(FHL-2) probably due to a critical role of Gly306 in the
pore-forming perforin domain

Ramón Urrea Morenoa, Itziar Astigarragab,c,d, Ana Fernández-Teijeiroe,
Carmen Rodríguez-Sainza, María Alonso-Martineza, Lydia Martín-Martína,
Susana García-Obregónc, and Juana Gil-Herreraa*

ABSTRACT
Background: Three substitutions at either Gly305 or Gly306 within the membrane attack/complex perforin
domain (MACPF) of perforin have been previously identified in a number of patients with hemophagocytic
lymphohistiocytosis (HLH). However, their pathogenic impact remains unclear since all the cases reported so
far carried heterozygous genotypes and showed very heterogeneous clinical presentations. Here, we report a
new substitution (p.Gly306Asp) and use in silico tools to elucidate the pathogenic mechanisms and severity
associated with human Gly306 and Gly305 mutations.

Methods: The immunological workup included perforin expression and perforin gene (PRF1) mutation analysis.
Computer algorithms based on conservation, secondary, and tertiary protein structure analyses were applied to
assess the role of the mutations in disease pathogenesis.

Results: In our patient, we found a previously undescribed homozygous c. 917G>A (p.Gly306Asp) mutation in
the PRF1 gene that was associated with null perforin expression in her natural killer lymphocytes. Sequence
alignments revealed that Gly306 and Gly305 are highly conserved positions among vertebrate perforins, as well
as in other related pore-forming proteins such as bacterial cytolysins. Further in silico analyses consistently
predicted mutations in these 2 positions to be pathogenic due to diminished stability of the perforin molecule.

Conclusion: Age of HLH onset, severity of the disease and undetectable perforin in our p.Gly306Asp homozy-
gous patient along with the in silico results unmask this novel mutation as highly detrimental. Our results highlight
the need of combining all clinical features, in vitro phenotypes and computer based approaches to classify human
perforin mutations accurately.

Statement of novelty: The study of these PRF1 mutations points to an important role of the 2 glycine amino
acids (Gly305 and Gly306) in the molecular stability of perforin, which may also be likely in other pore-forming
proteins. Our in silico results conclude that the pathogenicity of mutations in highly conserved Gly305 and
Gly306 is likely to be associated with a serious destabilization of the native perforin conformation.
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Introduction

Familial hemophagocytic lymphohistiocytosis (FHL)
is a primary immunodeficiency due to defects in several
genes involved in the cytotoxic pathway (Janka 2012;
Sieni et al. 2014). FHL usually presents during early
childhood and is fatal without hematopoietic cell trans-
plantation (HCT); however, atypical, late-onset FHL
cases are increasingly being described (Clementi et al.
2002; Molleran Lee et al. 2004; Mancebo et al. 2006;
Zur Stadt et al. 2006; Nagafuji et al. 2007; Ueda et al.
2007; Zhang et al. 2011; Sanchez et al. 2012; Sieni et al.
2012; Wang et al. 2012; Dias et al. 2013; Mhatre et al.
2014; Tesi et al. 2015; Barmettler et al. 2016; Gao
et al. 2016).

Type 2 FHL (FHL-2) is caused by mutations in the
PRF1 gene (Stepp et al. 1999; Voskoboinik et al. 2010;
Voskoboinik et al. 2015). PRF1 encodes perforin, a pro-
tein present in the secretory granules of cytotoxic T and
natural killer (NK) lymphocytes, which is essential for
cytotoxic immune responses and homeostasis
(Voskoboinik et al. 2010; Thiery and Lieberman 2014;
Voskoboinik et al. 2015). Most of the mutations
reported in FHL-2 patients are located in the membrane
attack complex/perforin (MACPF) domain (An et al.
2013; Voskoboinik et al. 2015). The MACPF domain is
critical for pore formation, specifically the oligomeriza-
tion of perforin molecules after their preactivation by
binding to the target cell membrane (Baran et al. 2009;
Stewart et al. 2015; Yagi et al. 2015). Despite recent
advances regarding perforin structure (Law et al. 2010;
Yagi et al. 2015), little is known about the precise
mechanism of pore formation by perforin, and the
molecular mechanisms underlying the pathogenicity of
MACPF mutations remain poorly understood.

We describe an early-onset FHL-2 case showing the
novel MACPF homozygous missense mutation
c.917G>A which leads to the amino acid change
p.Gly306Asp. Different amino acid substitutions that
are located at the same position (c.916G>T leading to
p.Gly306Cys (Grossman et al. 2005; Abdalgani et al.
2015), c.916G>A leading to p.Gly306Ser (Nagafuji
et al. 2007; Wang et al. 2012; Gao et al. 2016))
or neighbouring glycine (c.914C>A, leading to
p.Gly305Asp, (Clementi et al. 2005)) have been previ-
ously reported in very heterogeneous FHL-2 patients.
We performed perforin immunophenotyping and
in silico analysis to ascertain the relevance of the novel

p.Gly306Asp as well as the above mentioned muta-
tions in HLH pathogenesis.

Functional and clinical presentation
Case report: A 19-month-old girl, the first child of a

consanguineous couple with no previous familial his-
tory of hemophagocytic lympohistiocytosis (HLH),
was first admitted to hospital because of fever due to
unknown origin. Progressive anemia (haemoglobin
7.9 g/L), thrombopenia (8000/μl), hypertrigliceridemia
(720 mg/dL), elevated ferritin (3373 ng/mL), hypofibri-
noginemia (120 mg/dL) and hepatosplenomegaly, along
with hemophagocytosis in bone marrow led to diagno-
sis of HLH, and she was started on the HLH-2004
therapeutic protocol (Henter et al. 2007). According to
the immunological results, she was classified as FHL-2
and after HLH-2004 induction therapy and condition-
ing, she underwent cord blood HCT (1.36×105 CD34+

cells). Continuing maintenance treatment was required
post-HCT and the patient unfortunately died at 150
days post-transplant because of graft failure and HLH
disease reactivation.

Perforin expression was assessed by flow cytometry
using anti-T cell receptor FITC, anti-CD8 PerCP, and
anti-CD56 APC (BD Biosciences, San Jose, CA) anti-
bodies for surface staining and anti-perforin PE (clone
DG9, Pharmingen, BD Bioscience) or anti-granzyme B
PE (Immunotech) antibodies for intracellular staining,
as previously described (Urrea Moreno et al. 2009).
Samples were acquired in a FACSCalibur cytometer
and analysed with FlowJo 7.6.1 software. Figure 1A
shows that perforin staining within patient’s circulat-
ing NK lymphocytes (corresponding to 16% of total
lymphocytes) was as negative as the fluorescence
intensity of isotypic control. On the other hand,
granzyme-B expression—analyzed as a positive
intracellular staining—was increased in the patient
when compared to the patient´s mother and a healthy
individual tested the same day of the analysis
(Figure 1B).

The mutational analysis was performed on genomic
DNA from peripheral blood. Coding region of PRF1
(exons 2 and 3) was amplified by PCR (Gene Amp PCR
System 9700, PE Applied Biosystems, Warrington, UK)
and sequenced (ABI PRISM 310 Genetic Analyzer
from Applied Biosystems) as described (Urrea Moreno
et al. 2009). Chromatograms were created with
Geneious Pro 5.5.7 and sequences were compared with
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reference PRF1 (RefSeq: NG_009615.1). Figure 1C
shows the homozygous mutation c. 917G>A in exon 3
of PRF1 that was found in the patient; this nucleotide
change results in the non-conservative substitution of
the non-polar amino acid glycine at position 306 of
wild-type perforin protein with the negatively charged
aspartic acid (p.Gly306Asp) in MACPF domain. The
parents were both found to be heterozygous carriers of
the mutated allele (Figure 1C), correlating with the

decreased perforin expression found in the mother
(Figure 1A).

Figure 2 shows a molecular model of perforin and of
perfringolysin (PFO), a bacterial cholesterol dependant
cytolysin (CDC), to illustrate the structural homology
of their 2 pore-forming domains. 3D models were per-
formed with Yasara View, v16.7.22 (http://yasara.org/)
(Krieger and Vriend 2014). Gly306 and the preceding

Figure 1: Intracellular protein expression and PRF1 sequencing. Flow cytometry was
used to detect perforin (A) and granzyme-B (B) in NK-cells from patient, her mother, and
a healthy control. Both histograms are gated on CD56+TCRab− cells. The counts of
positive gated events represented on the Y axis included at least 500 to a maximum of
1600 cells. (C) DNA electropherograms. Arrows indicate the position at the wild-type
PRF1 gene sequence in exon 3, and the homozygous missense mutation at the
corresponding position in the patient as well as the heterozygous change in her parents.
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Gly305 are located at the beginning of a helical loop
region that connects β4 and β4′ strands of the central
beta sheet in both MACPFs and CDCs (Lukoyanova
et al. 2016; Dudkina et al. 2016). As shown in Figure 2,
no proximity exists between the helical loop in perforin
and the putative residues involved in its oligomeriza-
tion, as opposed to what has been previously described
in PFO (Ramachandran et al. 2004).

For amino acid conservation analysis, representative
sequences were obtained from the NCBI database
(www.ncbi.nlm.nih.gov). Alignments were performed
with PROMALS3D (http://prodata.swmed.edu/
promals3d/promals3d.php), and edited with Geneious
Pro 5.5.7 using Blosum45 matrix. Figure 3 shows that

both Gly305 and Gly306 in human perforin molecule or
corresponding glycines in other vertebrate perforins, as
well as other MACPF domains from different proteins,
or even in pore-forming domains of bacterial cholesterol
CDCs, constitute a highly conserved motif in all these
proteins despite the low global sequence homology.

This strikingly high conservation led us to hypoth-
esize that substitutions in any of these 2 glycines would
be functionally detrimental for perforin, and therefore
pathogenic. To predict the pathogenicity of mutations,
we used Polyphen-2 server, version 2.2.2 (http://
genetics.bwh.harvard.edu/pph2/), that collects informa-
tion available on conservation, secondary and tertiary
structure of the molecule, as well as functional sites

Figure 2: Molecular models of perforin and PFO. Ribbon representations of
perforin molecule on the left, based on the murine perforin crystal structure (PDB
identifier: 3nsj) and the cytolysin PFO (PDB identifier:1pfo) on the right, are
shown. Different subregions of pore forming domains were coloured as follows:
in green, the antiparallel central β sheet (conformed by β1, β2, β3, β4, and β4′); in
dark blue, the “U” shaped helical loop connecting β4 and β4′ regions, with
Gly305 and Gly306 in perforin, or the homologous glycines in PFO circled in red;
in orange, clusters of transmembrane helices CH1 and CH2; in cyan, remaining
MACPF regions. Circled in black on each protein are the location of residues
potentially involved in perforin or PFO oligomerization.
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hypothetically altered by a new residue (Adzhubei et al.
2010). As shown in Table 1, p.Gly306Asp, as well as
p.Gly305Asp (Clementi et al. 2005), Gly306Cys
(Grossman et al. 2005; Abdalgani et al. 2015) and
p.Gly306Ser (Nagafuji et al. 2007; Wang et al. 2012;
Gao et al. 2016) were undoubtedly predicted as patho-
genic by the HuVar strategy of Polyphen-2.

We next studied the impact of the above mutations
on perforin thermodynamic stability, or the change in
folding free energy upon mutation (i.e., differences in
Gibb’s free energy between the folded and unfolded
state of mutant compared to wild-type molecules, also
ΔΔG or ddG). For this, we generated a molecular model
of human perforin, using BuildModel and RepairPDB
commands within FoldX v4 (http://foldxsuite.crg.eu)
(Guerois et al. 2002), employing perforin X-ray crystal

structure (PDB identifier:3nsj) (Law et al. 2010) as a
template. Independent algorithms used for stability cal-
culations were FoldX itself, SDM (http://mordred.bioc.
cam.ac.uk/∼sdm/sdm.php) (Worth et al. 2011),
PoPMuSiC (http://dezyme.com/) (Dehouck et al. 2009)
and Eris (http://troll.med.unc.edu/eris) (Yin et al.
2007). In support of our hypothesis, all 4 algorithms
predicted that p.Gly306Asp, as well as the other
3 FHL-2 mutations reported in these glycines, i.e.,
p.Gly305Asp, p.Gly306Cys and p.Gly306Ser result in
severe destabilization of the perforin molecule
(Table 1), albeit to a lesser extent in p.Gly306Ser
according to Eris prediction. As shown in Figure 4,
Asp306 creates important steric clashes with Gly305
and Trp328, and perturbs the hydrogen bond (H-bond)
between wild-type (WT)-Gly305 and WT-Trp328. The
latter residue extends from the neighboring helix and

Figure 3: Conservation of the glycine pair across vertebrate perforins, other protein containing MACPFs and CDCs. Shown are
sequences corresponding to the region including β4, the helical loop and β4′. The glycine motif is enclosed in the red column.
Consensus sequence is shown at the top of the alignment and it is based on the rule of 50% identity. Amino acid numbering
corresponds to human perforin, with Gly305, Gly306, and Trp328 indicated in red. Secondary structures corresponding to
MACPFs (as represented by perforin) are indicated at the top of the alignment; secondary structures corresponding to CDCs (as
represented by PFO) are indicated at the bottom of the alignment. Name of the species (vertebrate perforins) or proteins (other
MACPFs, CDCs) is shown preceding the corresponding sequence. Higher degree of amino acid conservation is denoted by
higher grey intensity.
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is highly conserved both in vertebrate perforins and in
other MACPF proteins (Figure 3), which suggests that
the H-bond with WT-Gly305 or equivalent glycine
plays a critical role in stability. Moreover, p.Gly306Asp
originates a new H-bond between Asp306 and His307,
which is absent in the WT structure. With these and
other mutation-specific alterations not mentioned
above, it is very likely that these 3 substitutions, and

probably nearly all Gly306 variants, would be deleteri-
ous for perforin folding and (or) function.

Discussion

Intracellular perforin staining was studied as part
of the current laboratory diagnostic workup in
HLH patients (Arico et al. 2002; Henter et al. 2007;

Table 1: In silico analysis of FHL-2 associated mutations in Gly306 and Gly305.

Mutant

Pathogenic
impact Stability impact

Polyphen-2 FoldX SDM PoPMuSiC Eris

pph2
prob. Pred. Score Pred. Score Pred. Score Pred. Score Pred. Reference

p.Gly306Asp 0.999 PD 9.8 SD −4.3 HD 1.71 D 6.3 D
p.Gly306Cys 0.999 PD 6.5 SD −3.1 HD 1.36 D NA NA Grossman et al. 2005;

Abdalgani et al. 2015
p.Gly306Ser 0.999 PD 6.3 SD −4.3 HD 1.85 D 3.6 D Nagafuji et al. 2007;

Wang et al. 2012;
Gao et al. 2016

p.Gly305Asp 0.997 PD 20 SD −3.2 HD 2.62 D >10 D Clementi et al. 2005

Note: Shown is the impact predicted by Polyphen-2 and several stability based in silico methods. pph2 prob.: posterior probability for being damaging; it ranges from
0 (benign) to 0.999 (most probably damaging, PD). Score: it represents the change in folding free energy upon mutation (“ddG”, Kcal/mol); Pred: predicted outcome
of mutations, defined as “destabilizing” (D) scores from 0 to 5, versus “severely destabilizing” (SD) scores >5, in FoldX; “destabilizing” (D) scores from −0.5 to −2,
versus “highly destabilizing” (HD) scores <−2 in SDM; or simply “destabilizing” (D) scores > 0 in PoPMuSiC and Eris. NA: not available. Options were set as follows:
for FoldX, pH=7.4, temperature=310K, ion strength=0.05 M, vdwDesign=2; For SDM and PoPMuSiC, default settings; for Eris, fixed backbone and no backbone
pre-relaxation.

Figure 4: FoldX analysis of p.Gly306Asp perforin mutation. Shown is a zoomed view of
the helical loop region of our WT (left) and p.Gly306Asp (right) human perforin models.
H-bonds are represented as black dots; in the p.Gly306Asp model (right) the H-bond
from WT perforin disappears and a new H-bond is created by the mutant. Those
residues involved in steric clashes are indicated in red. Other residues affected by the
mutation are coloured in magenta. Graphics performed with Yasara View v16.7.22.
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Bryceson et al. 2012; Imashuku 2014). We found null
perforin expression and overexpressed granzyme-B; this
granzyme pattern most likely indicates hyperactivation,
given it has been previously described in the HLH
setting (Molleran Lee et al. 2004; Mellor-Heineke et al.
2013). In our analysis, both the healthy donor and the
patient’s mother (healthy heterozygous p.Gly306Asp
carrier) had no inflammatory conditions and showed
normal granzyme-B expression.

Null perforin expression in our homozygous patient
and the decreased, intermediate amount of perforin in
her heterozygous mother along with the c. 917G>A
segregation in this family suggested the inability of
p.Gly306Asp perforin to fold properly. Impaired fold-
ing would cause reduced intracellular levels and (or)
conformational changes that could inhibit DG9 anti-
body binding. Two other mutations affecting the same
amino acid position (p.Gly306Cys (Grossman et al.
2005; Abdalgani et al. 2015) and p.Gly306Ser
(Nagafuji et al. 2007; Wang et al. 2012; Gao et al.
2016)) are also associated with null or very limited per-
forin expression in cytotoxic lymphocytes. Although
diminished expression suggests misfolding for all of
these mutants, a defect in perforin content could also
be attributed to the altered immunoregulatory state of
the active HLH setting (Voskoboinik et al. 2010).
Unfortunately, we have not tested intracellular per-
forin in highly effective recombinant expression sys-
tems and (or) under temperatures permissive for
folding as it has been done in the neighbouring muta-
tion p.Gly305Asp (Risma et al. 2006; Chia et al. 2009;
Urrea Moreno et al. 2009).

Our results show an extremely high conservation of
the Gly305/Gly306 pair through MACPF/CDC super-
family, which denotes a critical role for these residues.
Previous studies attributed these 2 glycines the role of
a “hinge point” which allow the conformational
changes leading to membrane spanning (Rosado et al.
2007; Gilbert et al. 2013; Dudkina et al. 2016;
Lukoyanova et al. 2016). Although this hinge point
has also been involved in the oligomerization process
of the cytolysin PFO (Ramachandran et al. 2004;
Rosado et al. 2007), this seems unlikely in perforin,
where residues critically involved in oligomerization
(Baran et al. 2009; Dudkina et al. 2016) are neither
proximal nor directly connected to these glycines
(Figure 2). However, since the hinge points of each
subunit come into close proximity during pore

formation, mutations in Gly305 and Gly306 could
hypothetically perturb the association of monomers
within the pore and therefore alter its properties and
(or) hinder its formation.

In addition to the high conservation of both Gly305
and Gly306, Polyphen-2 predicted a severe pathogenic
impact of the novel p.Gly306Asp, and of p.Gly306Cys,
p.Gly306Ser and adjacent p.Gly305Asp. The 4 muta-
tions result in high thermodynamic destabilization, as
predicted by the 4 algorithms that we have used. The
impact on stability would primarily explain HLH
pathogenicity associated to these mutations. Decreased
stability is a major factor underlying the dysfunction of
disease-associated missense mutations (Wang and
Moult 2001; Yue et al. 2005; Pey et al. 2007; Casadio
et al. 2011; Stefl et al. 2013). A recent and comprehen-
sive in silico study of human perforin molecule, using
FoldX and PoPMUSIC as predictive algorithms, identi-
fied nearly half of all missense FHL-2 perforin
mutations as significantly destabilizing (An et al.
2013). Gly305Asp and Gly306Cys were also included
in this work, and their predicted impact was nearly
identical to what we have found with our human per-
forin model.

Protein destabilization results in misfolding and
premature degradation, and correlates positively with
the degree of protein dysfunction and clinical severity
(Pey et al. 2007; Tokuriki et al. 2008; Tokuriki and
Tawfik 2009; McKeone et al. 2014). Interestingly, the
Arginine mutation of Gly357 in the complement
factor C7—a glycine corresponding to Gly305 in
perforin, is one of the most frequent mutations associ-
ated with C7 deficiency, and was linked to serious mis-
folding and defective secretion (Fernie et al. 1997;
Barroso et al. 2004; Rameix-Welti et al. 2007; Barroso
et al. 2010).

Perforin immunophenotyping and the predictions
in silico suggest serious misfolding in the novel
p.Gly306Asp, as well as the p.Gly306Cys, p.Gly306Ser
and the p.Gly305Asp mutants. As discussed earlier, it
may be possible that residual perforin expression and
secretion of those mutants could still exist when using
recombinant mutants in in vitro expression systems.
However, even if secreted, it is likely that the mutants
would display aberrant pore formation, since the
Gly305/306 pair is presumably essential for this postsy-
naptic process.
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Our in silico methods homogeneously predicted a
severe clinical impact of Gly305/Gly306 FHL-2 muta-
tions. This correlates with the early onset FHL-2 in
our patient with homozygous p.Gly306Asp mutation,
along with the very early onset and undetectable NK-
cell mediated killing FHL-2 in 2 triplets with
p.Gly306Cys mutation (Grossman et al. 2005).
However, less severity could be attributed to
p.Gly306Ser, found in 2 late onset FHL-2 patients and
even in a healthy sibling; all of them carrying com-
pound heterozygous PRF1 genotypes (Nagafuji et al.
2007; Gao et al. 2016). In fact, despite its impaired
maturation, likely related to misfolding, p.Gly306Ser
mutant seems to retain cytotoxic function (Nagafuji
et al. 2007). Finally, p.Gly305Asp was described along
with the p.Arg356Trp in an 18 year-old HLH patient
(Clementi et al. 2005). Since p.Arg356Trp is consid-
ered a hypomorphic mutant (Zhang et al. 2011;
Huang et al. 2014), this may explain the delayed age
of HLH onset in this patient.

In summary, HLH in our patient was caused by a
unique, homozygous mutation p.Gly306Asp in a critical
residue located at MACPF domain of perforin. Age of
onset and nearly absent perforin expression pointed to
p.Gly306Asp being a severe mutant, which is further
supported by our in silico studies. In vitro studies with
recombinant expressed mutants would be needed to
definitively classify p.Gly306Ser and related FHL-2
mutations, and to determine the precise contribution
of the proposed misfolding (pre-synaptic) and (or) the
inhibition of pore formation (post-synaptic) as the
molecular factors underlying their pathogenicity
(Voskoboinik et al. 2010).
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Original Article

Hemophagocytic lymphohistiocytosis associated with
ataxia telangiectasia

Mohammad Alsalamaha and Chaim M. Roifmana,b*

ABSTRACT
Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening inflammatory condition believed to be caused by
uncontrolled activation of macrophages and histiocytes. HLH may be triggered by infections or associated with
malignancy, metabolic disorders and drug toxicity, or alternatively, by a variety of genetic defects. While this dis-
order has been reported to be associated with a growing number of primary immunodeficiencies, especially those
with significant T cell and (or) NK cell dysfunction, it has never been reported in ataxia telangiectasia (AT). AT is
characterized by truncal ataxia, dilatation of blood vessels, immunodeficiency and a high predisposition to
cancer. Almost all cases of AT have at least 1 or a combination of more than 1 of the following features: low
immunoglobulin levels, inability to produce specific antibodies in response to vaccination, T cell lymphopenia
and (or) T cell dysfunction. In this report, we describe the first case of a fatal episode of HLH in a patient with
AT. The overlapping laboratory anomalies of HLH and lymphoid malignancy poses a challenge for accurate diag-
nosis, and awareness of the phenomenon by clinicians may result in earlier treatment and resolution of
inflammation.

Statement of novelty: HLH can affect various types of immunodeficiency but has never been reported in
patients with AT. Here, we report the first case of a fatal episode of HLH in a patient with AT.

Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a life-
threatening inflammatory condition believed to be
caused by uncontrolled activation of macrophages and
histocytes (Janka 2007). HLH may be triggered by infec-
tions or associated with malignancy, metabolic dis-
orders and drug toxicity (Henter et al. 1991; Janka et al.
1998), or alternatively, by a variety of genetic defects.

The familial form of HLH presents frequently in
infants born to consanguineous parents and may
involve a history of other affected family members.
Most patients in this group carry lesions in genes that
are responsible for the cytotoxic function of T cells

and NK cells. Commonly, genetic mutations in PRF-1,
UNC13D, or STXII, encoding for cytolytic granule traf-
ficking and exocytosis, are detected in these patients
(Goransdotter Ericson et al. 2001; Feldmann et al.
2003; zur Stadt et al. 2005).

HLH was also reported to be associated with a grow-
ing number of primary immunodeficiencies, especially
those with significant T cell and (or) NK cell dysfunc-
tion (Egeler et al. 1996; Dalal et al. 2015).

Ataxia telangiectasia (AT) is an autosomal recessive dis-
order characterized by truncal ataxia, dilatation of blood
vessels, immunodeficiency and a high predisposition to
cancer (Boder and Sedgwick 1958; Micol et al. 2011).
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Patients present early in life with hypotonia and delayed
developmental milestones, and are frequently diagnosed
with cerebral palsy. Later in childhood, ataxia becomes
evident as well as telangiectasia in the eyes and ear lobes.
Patients may suffer recurrent pulmonary infections and
malignancy. Immune abnormalities include immuno-
globulin deficiencies, T cell lymphopenia and dysfunction,
and a dysplastic thymus (Nowak-Wegrzyn et al. 2004;
Driessen et al. 2013).

Typical laboratory features consist of increased
alpha-fetoprotein, increased chromosomal breakage
and increased sensitivity to ionizing radiation
(Canman and Lim 1998; Suzuki et al. 1999; Wu
et al. 2000; Stray-Pedersen et al. 2007). AT is caused by
mutations in the ATM gene, which is involved in DNA
repair during double-stranded breaks (Savitsky et al.
1995; Staples et al. 2008).

HLH can affect various types of immunodeficiency
but has never been reported in patients with AT. Here,
we report the first case of a fatal episode of HLH in a
patient with AT.

Case report
The patient was born at term to consanguineous

parents of Italian descent. Development was delayed
and a neurological assessment revealed hypotonia and
poor head control. Sitting and standing were also mark-
edly delayed and he was given a diagnosis of mild cer-
ebral palsy. He was unstable when he walked and his
gait was wide. At the age of 4 years, he was diagnosed
with ataxia and was prescribed physiotherapy.

AT was suspected at the age of 6 years when he suf-
fered from dysarthria, ataxia and swallowing difficulties,
and was found to have dilated blood vessels in his eyes
and ear lobes. Diagnosis was confirmed by the finding
of markedly elevated alpha-fetoprotein as well as
increased chromosomal breakage.

He continued to deteriorate neurologically and was
wheelchair bound by the age of 9 years. At the age of
7 years, he suffered a bout of pneumonia and sub-
sequently developed chronic bronchitis. At the age of
11 years, he developed persistent fevers with no signs of
a source of infection. He gradually stopped eating and
was admitted for evaluation for a possible malignancy.
He was found to have an enlarged liver and spleen as well

as lymphadenopathy. Laboratory evaluation revealed
increased sedimentation rate, increased lactate dehydro-
genase and ferritin, low platelets of 65 × 103/μL and
reduced neutrophil count at 1.2× 103/μL. This combina-
tion of clinical manifestations and laboratory abnormal-
ities raised the possibility of a lymphoid malignancy,
especially in a patient with AT.

A bone marrow biopsy was therefore performed.
While no malignant cells were detected, a large number
of hemophagocytic macrophages were identified
(Figure 1). This finding supported the diagnosis of
HLH. In fact, the clinical features of splenomegaly and
laboratory aberrations, including 2 lineage cytopenia,
hypertriglyceridemia, increased ferritin as well as typical
histopathological changes, meet the criteria for the diag-
nosis of HLH (Table 1).

The patient was initially treated with broad spectrum
antibiotics with little effect, and was subsequently
switched to dexamethasone once HLH was suspected.
Unfortunately, within 4 days he developed multi-organ
failure leading to death.

Figure 1: Hemophagocytic macrophages
identified in our patient with ataxia telangiectasia.
Hemophagocytosis, the engulfment of host blood
cells by macrophages, was visualized in bone
marrow aspirates stained with Wright-Giemsa
(A, B).
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Discussion

The symptoms of HLH consist of persistent fever,
hepatosplenomegaly, multi-lineage cytopenia, morbili-
forme rash, encephalopathy and seizures (Henter et al.
2007). Indeed, our patient presented with most of these
typical features. Without treatment, familial HLH is
fatal in more than 85% of cases within 1 year of diagno-
sis (Janka 1983). Even specific therapy cannot rescue up
to 45% of cases. Treatment is aimed at suppressing
inflammation by using immunosuppressive agents such
as dexamethasone, etoposide and cyclosporine, and
when appropriate, bone marrow transplantation
(Henter et al. 2002). In spite of immunosuppression
therapy, our patient deteriorated rapidly and died of
multi-organ failure.

It is surprising that HLH was not reported previously
in patients with AT. Almost all AT cases have at least 1
or a combination of more than 1 of the following fea-
tures: low immunoglobulin levels, inability to produce
specific antibodies in response to vaccination, T cell
lymphopenia and (or) T cell dysfunction. Some patients
present with profound T cell deficiency and are detected
by newborn screening for SCID (Puck 2012). This may

possibly be explained by the dysfunction of ATM in
repairing rearrangement of the T cell receptor gene.

This case demonstrates that some overlapping labora-
tory anomalies of HLH and lymphoid malignancy may
pose a challenge for an accurate diagnosis. It is therefore
possible that, if suspected, HLH may be a more
common manifestation in AT than expected. This
knowledge may alert clinicians, resulting in earlier treat-
ment and resolution of inflammation.
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Protocol, Practice, and Policy

National Immunoglobulin replacement Expert
Committee recommendations

ABSTRACT
The use of immunoglobulin therapy has grown steadily over the past 3 decades, mainly due to the increased
awareness and expansion of indications. This limited resource is now shared between patients with immuno-
deficiency disorders who need it as replacement therapy, and individuals who suffer a variety of autoimmune or
inflammatory disorders. While alternative therapies exist for the latter diseases, immunodeficient patients are de-
pendent upon this treatment for life. Due to the long-term cost burden of this treatment on healthcare systems,
healthcare providers have attempted to moderate its use but are frequently seeking evidence from experts in
the field. This raised the critical need for recommendations from experts. To this end, a group a Canadian immu-
nologists representing all regions of the country have formed a panel, the National Immunoglobulin replacement
Expert Committee (NIGEC), and formulated a set of unanimously agreed upon recommendations for the use of
immunoglobulin replacement in primary immunodeficiency.

Consensus among experts

1. Children and adults with a suspected immuno-
deficiency should be referred to an immunologist
with expertise in the field of primary immuno-
deficiency (“expert” in PID).

2. Ideally, this should be carried out in an academic
centre with the capability of performing specialized
diagnostic tests for immunodeficiency. Manage-
ment should be performed by a specialized team
including physicians, nurses, and allied health care
providers.

3. Ideally, replacement with IVIG or SCIG, changes
in dosage, changes in product or its mode of
delivery should be initiated directly by “experts”
or in consultation with an “expert”.

4. Diagnosis of antibody deficiency should be evalu-
ated and ideally confirmed using an appropriate
combination of the following tests:
A. Serum immunoglobulin levels.
B. Antibody formation in response to vaccination

and the ability to sustain protective levels.
C. Immunophenotyping including enumeration

of memory and naïve B and T cells.
D. In-vitro mitogenic responses.

E. Assessment of TRECs and TCR-Vβ (where
available).

F. Genetic analysis.
5. IVIG and SCIG are similarly efficacious in pre-

venting infections and can therefore be used
interchangeably.

6. IVIG and SCIG deliver IgG differently resulting in
different pharmacokinetic properties. An “expert”
should tailor therapy to what is most suitable for
each patient.

7. After a thorough discussion with patients on the
benefits and challenges associated with IVIG or
SCIG, their preference should be considered when
deciding therapy.

8. We recommend the establishment of a national
database based on post marketing surveillance to
capture adverse reactions to all immunoglobulin
products.

9. Immunoglobulin should not be dispensed as a
generic product. Patients requiring ongoing infu-
sions should be maintained on a consistent prod-
uct that is best tolerated by the patient.

10. Consistent national practices should be developed
for monitoring patients that are receiving SCIG
self-infusions.
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11. We recommend flexible systems of transition from
one modality of immunoglobulin administration
to another (from IVIG to SCIG or the reverse), to
accommodate changing patient needs across the
lifespan.

12. Replacement should be at a dose of 400–600 mg/kg
given once every 3–4 weeks for IVIG, or
100–150 mg/kg per week for SCIG, doses or fre-
quency to be adjusted by experts according to
desired trough levels and individual patient clinical
needs. Infrequently, patients who metabolize
exogenous IgG faster, leading to a shorter half-life,
might require more frequent administration.

13. Serum IgG trough levels should exceed 500 mg/dL,
and ideally more than 700 mg/dL. Levels should be
kept in the normal range per age or increased to
obtain optimal clinical response.

14. When serum IgG trough levels drop below protec-
tive levels while on SCIG replacement, it is recom-
mended to either transiently switch to IVIG or
increase frequency and or dosage of SCIG.
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