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Introduction

Familial hemophagocytic lymphohistiocytosis (FHL) is
the primary form of hemophagocytic lymphohistiocyto-
sis (HLH). It is a rare and invariably fatal — without
treatment — condition that takes onset in the early
infancy. FHL results from a deficiency in cytotoxicity
of CD8+ T lymphocytes (CTL) and Natural killer
(NK) cells, causing an uncontrolled activation of T
lymphocytes and macrophages and an inflammatory
storm.

PRFI was the first gene associated with FHL [1]. It is
located on chromosome 10q21 and encodes perforin, a
pore-forming protein involved in cell death, expressed by
CD8+ CTL and NK cells. PRF1 mutations are associated
with a defect in CD8+ CTL and NK Cells cytotoxicity,
causing FHL type 2. Impairment of the cytotoxic function
results in a defective clearance of antigen-presenting cells
and abnormally sustained antigen presentation. This leads
lymphocytes and

to uncontrolled activation of T
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Key Clinical Message

Missense mutations in genes involved in familial hemophagocytic lymphohistio-
cytosis can delay the onset of this life-threatening disease. In children and
adults, early recognition of aspecific features as neurological symptoms is cru-
cial as urgent treatment is required.

Hemophagocytic lymphobhistiocytosis, late-onset, neurology, perforin.

subsequently macrophages and to secretion of high levels
of proinflammatory cytokines.

According to the HLH-2004 revised guidelines, the
diagnosis of HLH can be established either if a molecular
diagnosis is performed or if the patient fulfills five of the
eight following diagnostic criteria: fever, splenomegaly,
cytopenias, hypertriglyceridemia and/or hypofibrinogene-
mia, hemophagocytosis, low or absent NK cell activity,
high ferritin level, and increased soluble IL-2 receptor [2].
Other clinical findings include liver dysfunction, lym-
phadenopathy, and neurological symptoms.

Familial hemophagocytic lymphohistiocytosis typically
occurs during infancy, with an onset within the first year
of life for about 70-80% of cases. Before the genetic and
molecular diagnosis era, HLH that occurred in older chil-
dren was usually thought as “secondary” HLH. During
the last decade, a growing number of late-onset authentic
FHL cases have been reported, and it is now admitted
that first manifestations of FHL can occur in elderly
childhood and even adulthood.
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Late-onset perforin deficiency

We report here the case of a late-onset FHL in a 7-year-
old boy, with neurological presentation, associated with
two new compound heterozygous mutations in PRFI.

Case Report

A 7-year-old boy was addressed to a hematologic tertiary
hospital in a context of pancytopenia, asthenia, and persis-
tent fever, few months after he presented an explosive
varicella. He had no particular history. Physical exam
found a hepatosplenomegaly. Except for the mild pancy-
topenia (neutrophils: 0.9 x 10°/L, hemoglobin: 95 g/L,
platelets: 125 x 10°/L) and slightly elevated ferritinemia
(102 pg/L, N < 80), blood tests were virtually normal.
Bone marrow aspiration revealed signs of hemophagocyto-
sis without blastic cells. The first conclusion was a postvi-
ral “secondary” hemophagocytic lymphohistiocytosis
episode, and no specific treatment was decided. Fever and
asthenia persisted and a few weeks later he presented a
diplopia due to the abducent nerve palsy, associated with
a meningism and a cerebellar ataxia. Hepatosplenomegaly
and polyadenopathy were present. Blood EBV, CMV, and
HHV6 PCR were negative; there was a moderate Par-
vovirus B19 replication (600 copies/mL). EBV serology
revealed a past infection with positivity for EBNA anti-
gens. Pancytopenia persisted, fibrinogen was decreased,
and ferritin was then increased up to 1800 ug/mL. The
patient had also circulating activated CD8 T cells (CD8
DR positive: 38%, N < 16). Cerebrospinal fluid analysis
showed a white cell count <2, but after cytocentrifugation
a lymphoid reaction with normal lymphocytes, some of
them activated. A brain magnetic resonance imaging
revealed multiple lesions in the cerebellar lobes and the
substantia nigra (Fig. 1). Perforin expression in NK cells
was decreased five- to tenfold compared to healthy
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individuals, as measured by flow cytometry (Fig. 2A—C).
Genetic exams showed that the patient harbored two mis-
sense mutations in the PRFI gene: c.976T>C (p.S326P)
and c.1130G>A (p.C377Y). His father and mother were
respectively heterozygote for S326P and C377Y alleles.
These mutations were not registered in the ExAC database
[3] that screen more than 60,000 normal human exome
sequencing. The pathogenicity of these mutations was
assessed according to PolyPhen-2 and SIFT software with
respectively 0.998 and 0.999 (PolyPhen-2) and 0.17, and 0
(SIFT) scores. Patient’s NK cell degranulation was normal
when PBMC was stimulated with K562 target cells, exclud-
ing the possibility that mutations in genes involved in
granule exocytosis also contributed to the disease (data
not shown). Patient was treated according to the current
national protocol [4]. A corticotherapy (2 mg/kg/day) was
started that rapidly improved the systemic and neurologi-
cal symptoms. Then a treatment with cyclosporin was
started. While the corticosteroid was being decreased to
0.5 mg/kg/day the patient relapsed, presenting a hemi-
paresis and an intracranial hypertension. He received an
antithymocyte globulin (ATG) treatment that was quickly
switched for alemtuzumab because of side effects and
deterioration of the neurological status. Clinical and radi-
ological features improved, and he underwent bone mar-
row transplantation (BMT) from a 9/10 HLA-matched
unrelated donor. Perforin expression was normalized after
BMT (Fig. 2D). The child was alive and well at 12-month-
post BMT with full complete chimerism.

Discussion

To date, there are more than 100 PRFI mutations
reported in literature (Fig. 3, references in Appendix 1).
The two mutations presented by our patient have not

Figure 1. (A) Cerebellar lesions with moderate cerebral edema. (B) High-intensity signal of right cerebral peduncle, substantia nigra, and red

nucleus.
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Figure 2. Deficient expression of perforin in patient. (A) Representative gating strategy for the identification of CD56+ CD16+ NK cells in which
perforin is expressed. After exclusion of doublets and CD4+, CD14+ and CD19+ cells, NK cells are defined as CD3- CD56+ lymphocytes. Then,
NK dim is identified by the expression of CD16 marker. (B) Representative histogram of perforin expression in CD56 dim NK cells from healthy
volunteer (left) and patient (right). Percentage of CD56 dim NK cells expressing perforin is determined in comparison with an isotype control.
(C) Dot plot graph comparison of the expression of perforin from CD56 dim NK cells in twelve healthy volunteer and in the patient.
(D) Histogram of perforin expression in CD56 dim NK cells from patient after bone marrow transplantation. Percentage of CD56 dim NK cells

expressing perforin is determined in comparison with an isotype control.

been reported previously. The variants ¢.976T>C
(p.S326P) and c1130G>A (p.C377Y) are therefore new
missense mutations prone to cause familial hemophago-
cytic lymphohistiocytosis. Unlike nonsense PRFI muta-
tions, missense mutations in homozygous or compound
heterozygous status may be associated with a residual
function of the perforin protein, with a delayed age of
onset [5]. When a nonsense mutation is described in late-
onset FHL, it is found to be either single allele mutation
or associated with a missense mutation. Homozygosity or
compound heterozygosity with nonsense mutations con-
sistently leads to an early-onset disease. Regarding late-
onset FHL, the hypothesis of a second hit mechanism is
more and more admitted to explain the disparity between
ages of onset. Viruses could play this key role, as EBV
infection is frequently reported to go along with the onset
of FHL. But viral infection is not a constant finding and

© 2017 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

several authors assume that this second hit could also be
a molecular event involving the cytotoxicity pathway.
CNS (central nervous system) involvement is a com-
mon finding in FHL course [6, 7], although not a risk
factor for poor outcome, as recently reported [8]. The
neurological semiology is nonspecific and polymorphous,
due to cytokines and inflammatory cells infiltration: the
most frequent manifestation is an aseptic meningitis, but
CNS disease can also be suspected in the case of cranial
nerve palsies, ataxia, seizures, or coma. The case we
report is another proof that the onset of FHL is fre-
quently associated with CNS involvement. Through litera-
ture, we noticed many patients were misdiagnosed
because of predominant neurological symptoms that may
precede systemic manifestations. For instance, among
late-onset FHL cases, several patients were first diagnosed
and treated for demyelinating disorders. This frequent but
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-27

Met1Val Val50Met  Cys102Phe  Ser150X Pro201Thr Asn252Ser
Metllle Val50fsX Arg119Trp His151Leu Ala211Val Glu253Lys
Arg4Cys Arg54Cys  Trp129Ser  Phel57Val  Leu215lle Glu261Lys
Leu17fsX Ser58Pro Gly132Arg  GIn164X Tyr219X Ala262fsX
Pro22ArgfsX  Asp62fsX Gly149Ser GIn166X Gly220Ser Ala262Asp
Arg28His GlIn64Stop  Gly149Arg Ser168Asn Gly220Arg 1le266Thr
Cys31Gly Pro69fsX Ser170Arg Thr221lle Ala278Asp
Cys31Trp Asp70Tyr Cys176X His222Arg Cys279Tyr
Arg33His Asp70Val Val183Gly  His222GIn 283dellys
Val38Met Cys73Arg Phel93Leu  |le224Asn 283delLyslLys
Val38Leu Cys73Tyr Arg225Trp 284-7dellys
Pro39His Pro89Thr Arg225Pro LysHisLys
Leud3Met  Ala91val* drgiasa  yeesadd
Gly45Arg Trp94Arg Arg232His His293X
Glya5Glu i Glu298Gly
Glud6Stop Arg2406ly Arg299Cys
Gly47Val Glu243X

Asp49Asn

S. Benezech et al.

EGF-like Cc2

375
Ser301X Arg356Trp Arg410Pro Thr450Met  His506Pro
Gly305Asp  Arg361fsX Arg410Trp Trp454X Ala523Asp
Gly306Ser  Arg361Trp Phe412Cys Pro459Leu  Cys525Ser
Gly306Cys  361-365del Ala415Thr Leud78X  Leus26fs
Val306lle  Leu364GlufsX  GInd16X GIn481Pro | . cazge
Asp313Val  Leu364Arg Phe421Cys Asp4a84fsX Pro546fs
Gly317Arg  Tyr367His Trp428X Asp491Asn
Ser326Pro  Trp374X Gly429Glu Cys497X
Arg231His  Cys377Tyr Asp430fsX
Gly334Ser  Pro383ArgfsX Asp430Tyr
Asp340Asn  Cys393Arg Thr433Pro
Pro345ley  Gly394fsX Thr435Met

Cys395Arg Tyrd38X

Val396fsX GIn446Arg

Cys397fsX

Figure 3. Mutations in PRFT reported in literature. Bold: nonsense mutation; normal: deletion; italic: missense mutation; *: variant with
controversial pathogenicity; highlighted: mutation reported here; red: late-onset associated mutation.

unusual neurological presentation for a life-threatening
hematologic disease can delay the diagnosis and worsen

the prognosis. Moreover, as delayed as could be the onset 2.

of FHL, the prognosis seems to be as poor as in the clas-
sical infant form, unless an hematopoietic stem cells
transplantation is performed. Thus, faced with presumed

“post-viral” features, the early recognition of a potential 3.

genetic immune deficiency is crucial to improve the prog-
nosis of these patients.

Authorship

SB: Drafted and revised manuscript for intellectual con-
tent. TW: Analyzed and interpreted data. EC: Analyzed
and interpreted data. DH: Analyzed and interpreted data.
GDSB: Analyzed and interpreted data. YB: Involved in
critical revision of manuscript for intellectual content.
AB: Involved in draft supervision and critical revision for
intellectual content.

Conflicts of Interest

None declared.

References

1. Stepp, S. E., R. Dufourcq-Lagelouse, and V. Kumar. 2015. S.

Pillars article: Perforin gene defects in familial

hemophagocytic lymphohistiocytosis. Science. 1999. 286:
1957-1959. J. Immunol. 194:5044-5046.

Henter, J.-I., A. Horne, M. Aricd, R. M. Egeler, A. H.
Filipovich, S. Imashuku, et al. 2007. HLH-2004: diagnostic
and therapeutic guidelines for hemophagocytic
lymphobhistiocytosis. Pediatr. Blood Cancer 48:124-131.
Lek, M., K. J. Karczewski, E. V. Minikel, K. E. Samocha, E.
Banks, T. Fennell, et al. 2016. Analysis of protein-coding
genetic variation in 60,706 humans. Nature 536:285-291.

. Stéphan, J. L., J. Donadieu, F. Ledeist, S. Blanche, C.

Griscelli, and A. Fischer. 1993. Treatment of familial
hemophagocytic lymphohistiocytosis with antithymocyte
globulins, steroids, and cyclosporin A. Blood 82:2319—
2323.

. Sieni, E., V. Cetica, Y. Hackmann, M. L. Coniglio, M. Da

Ros, B. Ciambotti, et al. 2014. Familial hemophagocytic
lymphohistiocytosis: when rare diseases shed light on
immune system functioning. Front Immunol. 5:167.

. Tesi, B., S. C. C. Chiang, D. El-Ghoneimy, A. A. Hussein,

C. Langenskiold, R. Wali, et al. 2015. Spectrum of atypical
clinical presentations in patients with biallelic PRFI
missense mutations. Pediatr. Blood Cancer 62:2094-2100.

. Deiva, K., N. Mahlaoui, F. Beaudonnet, Basile G. De Saint,

G. Caridade, D. Moshous, et al. 2012. CNS involvement at
the onset of primary hemophagocytic lymphohistiocytosis.
Neurology 78:1150-1156.

Kaya, Z., A. Bay, M. Albayrak, U. Kocak, I. Yenicesu, and

T. Gursel. 2015. Prognostic factors and long-term outcome

1746 © 2017 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.



S. Benezech et al.

in 52 Turkish children with hemophagocytic
lymphohistiocytosis*. Pediatr. Crit. Care Med. 16:e165—
el73.

Appendix 1: References list of
Figure 3

Al-Lamki, Z., Y. A. Wali, A. Pathare, K. G. Ericson, and J. L.
Henter. 2003. Clinical and genetic studies of familial
hemophagocytic lymphohistiocytosis in Oman: need for
early treatment. Pediatr. Hematol. Oncol. 20:603-609.

Astigarraga, 1., J. M. Prats, A. Navajas, A. Fernandez-Teijeiro,
and A. Urberuaga. 2004. Near fatal cerebellar swelling in
familial hemophagocytic lymphohistiocytosis. Pediatr.
Neurol. 30:361-364.

Bryceson, Y. T., E. Rudd, C. Zheng, J. Edner, D. Ma, S. M.
Wood, et al. 2007. Defective cytotoxic lymphocyte
degranulation in syntaxin-11-deficient familial
hemophagocytic lymphohistiocytosis 4 (FHL4) patients.
Blood 110:1906-1915.

Busiello, R., M. Adriani, F. Locatelli, M. Galgani, G. Fimiani,
R. Clementi, et al. 2004. Atypical features of familial
hemophagocytic lymphohistiocytosis. Blood 103:4610-4612.

Chia, J., K. Thia, A. J. Brennan, M. Little, B. Williams, J. A.
Lopez, et al. 2012. Fatal immune dysregulation due to a
gain of glycosylation mutation in lymphocyte perforin.
Blood 119:1713-1716.

Clementi, R., U. zur Stadt, G. Savoldi, S. Varoitto, V. Conter,
C. De Fusco, et al. 2001. Six novel mutations in the PRF1
gene in children with haemophagocytic lymphohistiocytosis.
J. Med. Genet. 38:643—646.

Clementi, R., L. Emmi, R. Maccario, F. Liotta, L. Moretta, C.
Danesino, et al. 2002. Adult onset and atypical presentation
of hemophagocytic lymphohistiocytosis in siblings carrying
PRF1 mutations. Blood 100:2266—2267.

Danhaive, O., M. Caniglia, R. Devito, F. Piersigilli, C. Corchia,
and C. Auriti. 2010. Neonatal liver failure and
haemophagocytic lymphohistiocytosis caused by a new
perforin mutation. Acta Paediatr. 99:778-780.

Feldmann, J., G. Ménasché, I. Callebaut, V. Minard-Colin, B.
Bader-Meunier, L. Le Clainche, et al. 2005. Severe and
progressive encephalitis as a presenting manifestation of a
novel missense perforin mutation and impaired cytolytic
activity. Blood 105:2658-2663.

Feldmann, J., F. Le Deist, M. Ouachée-Chardin, S. Certain, S.
Alexander, P. Quartier, et al. 2002. Functional consequences
of perforin gene mutations in 22 patients with familial
haemophagocytic lymphohistiocytosis. Br. J. Haematol.
117:965-972.

Gerard, L. M., K. Xing, I. Sherifi, J. Granton, D. Barth, M.
Abdelhaleem, et al. 2012. Adult hemophagocytic
lymphohistiocytosis with severe pulmonary hypertension and
a novel perforin gene mutation. Int. J. Hematol. 95:445-450.

© 2017 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

Late-onset perforin deficiency

Goransdotter Ericson, K., B. Fadeel, S. Nilsson-Ardnor, C.
Soderhall, A. Samuelsson, G. Janka, et al. 2001.
Spectrum of perforin gene mutations in familial
hemophagocytic lymphohistiocytosis. Am. J. Hum. Genet.
68:590-597.

Grossman, W. J., M. Radhi, D. Schauer, E. Gerday, C. Grose,
and F. D. Goldman. 2005. Development of hemophagocytic
lymphobhistiocytosis in triplets infected with HHV-8. Blood
106:1203—-1206.

Horne, A., K. G. Ramme, E. Rudd, C. Zheng, Y. Wali, Z. al-
Lamki, et al. 2008. Characterization of PRF1, STX11 and
UNCI13D genotype-phenotype correlations in familial
hemophagocytic lymphohistiocytosis. Br. J. Haematol.
143:75-83.

Katano, H., M. A. Ali, A. C. Patera, M. Catalfamo, E. S. Jaffe,
H. Kimura, et al. 2003. Chronic active Epstein-Barr virus
infection associated with mutations in perforin that impair
its maturation. Blood 103:1244-1252.

Kim, J. Y., J. H. Shin, S. L. Sung, J. K. Kim, J. M. Jung, S. Y.
Ahn, et al. 2014. A novel PRF1 gene mutation in a fatal
neonate case with type 2 familial hemophagocytic
lymphobhistiocytosis. Korean J. Pediatr. 57:50-53.

Kim, M.-S., Y.-U. Cho, S. Jang, E.-J. Seo, H. J. Im, and C.-].
Park. 2017. Familial Hemophagocytic Lymphohistiocytosis
Type 2 in a Korean Infant With Compound Heterozygous
PRF1 Defects Involving a PRF1 Mutation, ¢.1091T>G. Ann.
Lab. Med. 37:162.

Kobayashi, Y., H. M. Salih, T. Kajiume, K. Nakamura, S.
Miyagawa, T. Sato, et al. 2007. Successful treatment with
liposteroid followed by reduced intensity stem cell
transplantation in an infant with perforin deficiency
presenting with hemophagocytic lymphohistiocytosis. J.
Pediatr. Hematol. Oncol. 29:178-182.

Kogawa, K., S. M. Lee, J. Villanueva, D. Marmer, J. Sumegi,
and A. H. Filipovich. 2002. Perforin expression in cytotoxic
lymphocytes from patients with hemophagocytic
lymphohistiocytosis and their family members. Blood 99:
61-66.

Lee, S. M., J. Sumegi, J. Villanueva, Y. Tabata, K. Zhang, R.
Chakraborty, et al. 2006. Patients of African ancestry with
hemophagocytic lymphohistiocytosis share a common
haplotype of PRF1 with a 50delT mutation. J. Pediatr.
149:134-137.

Lu, G., Z. Xie, K. Shen, L. Ye, R. Wu, C. Liu, et al. 2009.
Mutations in the perforin gene in children with
hemophagocytic lymphohistiocytosis. Chin. Med. J. (Engl)
122:2851-2855.

McCormick, J., D. R. Flower, S. Strobel, D. L. Wallace, P. C.
L. Beverley, and E. Z. Tchilian. 2003. Novel perforin
mutation in a patient with hemophagocytic
lymphohistiocytosis and CD45 abnormal splicing. Am. J.
Med. Genet. 117A:255-260.

Menasche, G., J. Feldmann, A. Fischer, and Basile G. de Saint.
2005. Primary hemophagocytic syndromes point to a direct

1747



Late-onset perforin deficiency

link between lymphocyte cytotoxicity and homeostasis.
Immunol. Rev. 203:165-179.

Mhatre, S., M. Madkaikar, M. Desai, and K. Ghosh. 2015.
Spectrum of perforin gene mutations in familial
hemophagocytic lymphohistiocytosis (FHL) patients in
India. Blood Cells Mol. Dis. 54:250-257.

Molleran Lee, S., J. Villanueva, J. Sumegi, K. Zhang, K.
Kogawa, J. Davis, et al. 2004. Characterisation of diverse
PRF1 mutations leading to decreased natural killer cell
activity in North American families with haemophagocytic
lymphohistiocytosis. J. Med. Genet. 41:137—144.

Moshous, D., O. Feyen, P. Lankisch, K. Schwarz, J. Schaper,
M. Schneider, et al. 2007. Primary necrotizing lymphocytic
central nervous system vasculitis due to perforin deficiency
in a four-year-old girl. Arthritis Rheum. 56:995-999.

Muralitharan, S., Y. A. Wali, D. Dennison, Z. A. Lamki, M.
Zachariah, E. B. Nagwa, et al. 2007. Novel spectrum of
perforin gene mutations in familial hemophagocytic
lymphohistiocytosis in ethnic omani patients. Am. J.
Hematol. 82:1099-1102.

My, L. T., L. B. Lien, W.-C. Hsieh, T. Imamura, T. N. K. Anh,
P. N. L. Anh, et al. 2010. Comprehensive analyses and
characterization of haemophagocytic lymphohistiocytosis in
Vietnamese children. Br. J. Haematol. 148:301-310.

Nagafuji, K., A. Nonami, T. Kumano, Y. Kikushige, G.
Yoshimoto, K. Takenaka, et al. 2007. Perforin gene
mutations in adult-onset hemophagocytic
lymphohistiocytosis. Haematologica 92:978-981.

Okur, H., G. Balta, N. Akarsu, A. Oner, T. Patiroglu, A. Bay,
et al. 2008. Clinical and molecular aspects of Turkish
familial hemophagocytic lymphohistiocytosis patients with
perforin mutations. Leuk. Res. 32:972-975.

Risma, K. A., R. W. Frayer, A. H. Filipovich, and J. Sumegi.
2005. Aberrant maturation of mutant perforin underlies the
clinical diversity of hemophagocytic lymphohistiocytosis. J.
Clin. Invest. 116:182-192.

Romero, C. A. P., L. P. Sdnchez, S. Gutierrez-Hincapié, J. A.
Alvarez—Alvarez, J. A. Pereanez, R. Ochoa, et al. 2015. A
novel pathogenic variant in PRF1 associated with
hemophagocytic lymphohistiocytosis. J. Clin. Immunol.
35:501-511.

Sepulveda, F. E., F. Debeurme, G. Menasche, M. Kurowska, M.

Cote, J. Pachlopnik Schmid, et al. 2013. Distinct severity of
HLH in both human and murine mutants with complete
loss of cytotoxic effector PRF1, RAB27A, and STX11. Blood
121:595-603.

Spisek, R., E. Mejstrikovd, R. Formankova, H. Zizkova, V.
Vavra, O. Hrusdk, et al.2006. Familial haemophagocytic
lymphohistiocytosis caused by perforin deficit can be
successfully treated by haematopoietic stem cell
transplantation—the first diagnosed case in the Czech
Republic. Cas Lek Cesk 145:50-54.

Zur, Stadt U., K. Beutel, S. Kolberg, R. Schneppenheim, H.
Kabisch, G. Janka, et al. 2006. Mutation spectrum in

1748

S. Benezech et al.

children with primary hemophagocytic lymphohistiocytosis:
molecular and functional analyses ofPRF1, UNC13D,
STX11, andRAB27A. Hum. Mutat. 27:62—68.

Suga, N., H. Takada, A. Nomura, S. Ohga, E. Ishii, K. Ihara,
et al. 2002. Perforin defects of primary haemophagocytic
lymphohistiocytosis in Japan. Br. J. Haematol. 116:346—349.

Tesi, B., S. C. C. Chiang, D. El-Ghoneimy, A. A. Hussein, C.
Langenskiold, R. Wali, et al. 2015. Spectrum of atypical
clinical presentations in patients with biallelic PRFI
missense mutations. Pediatr. Blood Cancer 62:2094-2100.

Tong, C.-R., H.-X. Liu, J.-]. Xie, F. Wang, P. Cai, H. Wang.
, et al. 2011. The study of gene mutations in unknown
refractory viral infection and primary hemophagocytic
lymphohistiocytosis. Zhonghua Nei Ke Za Zhi 50:
280-283.

Trizzino, A., U. Z. Stadt, I. Ueda, K. Risma, G. Janka, E. Ishii,
et al. 2007. Genotype phenotype study of familial
haemophagocytic lymphohistiocytosis due to perforin
mutations. J. Med. Genet. 45:15-21.

Turtzo, L. C., D. D. M. Lin, H. Hartung, P. B. Barker, R.
Arceci, and K. Yohay. 2007. A neurologic presentation of
familial hemophagocytic lymphohistiocytosis which
mimicked septic emboli to the brain. J. Child Neurol.
22:863—-868.

Ueda, I., U. Kohdera, S. Hibi, T. Inaba, K. Yamamoto, T.
Sugimoto, et al. 2006. A novel perforin gene mutation in a
Japanese family with hemophagocytic lymphohistiocytosis.
Int. J. Hematol. 83:51-54.

Ueda, ., Y. Kurokawa, K. Koike, S. Ito, A. Sakata, T.
Matsumora, et al. 2007. Late-onset cases of familial
hemophagocytic lymphohistiocytosis with missense perforin
gene mutations. Am. J. Hematol. 82:427-432.

Ueda, 1., A. Morimoto, T. Inaba, T. Yagi, S. Hibi, T.
Sugimoto, et al. 2003. Characteristic perforin gene
mutations of haemophagocytic lymphohistiocytosis patients
in Japan. Br. J. Haematol. 121:503-510.

Voskoboinik, I., M. J. Smyth, and J. A. Trapani. 2006.
Perforin-mediated target-cell death and immune
homeostasis. Nat. Rev. Immunol. 6:940-952.

Wang, J.-S., Z. Wang, L. Wu, and X. Chen. 2010. Feng C-C
[Etiology analysis of 38 patients with hemophagocytic
syndrome]. Zhongguo shi yan xue ye xue za zhi 18:1316—
1320.

Wang, Y., Z. Wang, J. Zhang, Q. Wei, R. Tang, J. Qi, et al.
2014. Genetic features of late onset primary hemophagocytic
lymphohistiocytosis in adolescence or adulthood. PLoS ONE
9:€107386.

Zhang, J., Y. N. Wang, J. S. Wang, L. Wu, N. Wei, L. Fu.,
et al. 2016. The significance of pedigree genetic screening
and rapid immunological parameters in the diagnosis of
primary hemophagocytic lymphohistiocytosis. Zhonghua
Xue Ye Xue Za Zhi 37:565-570.

Zhang, K., M. B. Jordan, R. A. Marsh, J. A. Johnson, D.
Kissell, J. Meller, et al. 2011. Hypomorphic mutations in

© 2017 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.



S. Benezech et al. Late-onset perforin deficiency

PRF1, MUNC13-4, and STXBP2 are associated with adult- STX11, SH2D1A, XIAP, and ITK gene mutations in

onset familial HLH. Blood 118:5794-5798. Chinese children with Epstein-Barr virus-associated
Zhizhuo, H., X. Junmei, S. Yuelin, Q. Qiang, L. Chunyan, X. hemophagocytic lymphohistiocytosis. Pediatr. Blood Cancer

Zhengde, et al. 2012. Screening the PRF1, UNC13D, 58:410—414.

© 2017 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd. 1749



