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Background: Haemophagocytic lymphohistiocytosis is a life-threatening disease resulting from primary or secondary
hyper-inflammatory disorders. The typical symptoms include persistent fever, splenomegaly, cytopenia and significant

Case presentation: We report a 30-year-old Chinese female patient who was diagnosed with chronic active Epstein-Barr
virus infection more than 9 months prior and has since been presenting with cutaneous lymphoproliferative disorders
mimicking hydroa vacciniforme and subsequent haemophagocytic lymphohistiocytosis. Exome sequencing suggested
novel digenic heterozygous STXBP2 (c.592A > C, p.Thr198Pro) and LYST (c830A > T, p.His277Leu) mutations.

Conclusions: This is the first case report in which adult HLH was associated with novel digenic mutations of STXBP2 and
LYST combined with Epstein-Barr virus infection. It could also be the first polygenic model report, given that the
pathogenicity of other mutated genes still remains unclear. We additionally conducted an in-depth, two-generation
pedigree analysis to further illustrate the mode of inheritance in this case.
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Background

Haemophagocytic lymphohistiocytosis (HLH) is a fatal
disease resulting from primary or secondary hyper-in-
flammatory disorders with symptoms of persistent fever,
splenomegaly, cytopenia and significant elevation of
serum ferritin. Primary HLH, also known as familial
HLH (FHL), is caused by a deficiency of specific genes,
namely, perforinl (PRFI), UNCI3D, syntaxin 11
(STX11), syntaxin binding protein 2 (STXBP2), lyso-
somal trafficking regulator (LYST), RAB27A, AP3BlI,
SH2DIA and X-linked inhibitor of apoptosis (XIAP) as
well as some other unknown genes [1-5]. Secondary
HLH is a type of acquired disease associated with infec-
tions, malignancies or autoimmune disorders. STXBP2,
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which is regarded as being associated with HLH type 5
(FHL-5), is located on chromosomal arm 19p13 and
encodes the Muncl8-2 protein that takes part in
vesicle docking and fusion [6]. On the other hand,
LYST (1q42) mutation is the cause of Chediak-Higashi
Syndrome (CHS) and is involved in vesicle trafficking
[7]. In fact, although FHL follows autosomal recessive
inheritance, a heterozygous mutation may also lead to
late-onset HLH in elderly patients according to the histor-
ical reports and our clinical experience [8—10]. Digenic
and polygenic mutation models may demonstrate syner-
gistic defects in cytotoxic pathways to offset the relatively
low pathogenicity of heterozygotes and could lead to clin-
ical HLH [11, 12].

Hereby, we report a Chinese female patient diagnosed
with chronic active Epstein-Barr virus infection (CAEBV)
more than 9 months earlier; the patient presented with cu-
taneous lymphoproliferative disorders mimicking hydroa
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vacciniforme and subsequent HLH. Exome sequencing
results suggests novel digenic heterozygous STXBP2
(c.592A > C) and LYST (c.830A >T) mutations.

Case presentation

The 30-year-old Han Chinese female patient was admitted
to our hospital due to symptoms of fatigue and recurrent
high-grade fever (>39°C) with a 4-month duration. She
had presented with cutaneous lymphoproliferative disorders
mimicking hydroa vacciniforme since the age of three and
was diagnosed with CAEBV at Nanjing Drum Tower
Hospital more than 9 months earlier. She experienced a
spontaneous abortion 4 months ago. One month before
her hospital visit, the patient underwent splenectomy at
Nanjing for uncontrolled splenomegaly, and her post-
operative pathology diagnosis suggested hypersplenism
and EBV infection. She was noted to have oedematous
swelling of the cheeks, eyelids and lips, and coexistent
skin lesions, liver damage, pancytopenia with white
blood cell (WBC) count of 1.90 x 10°/L, hypofibrinogen-
emia, plasma EBV-DNA 3.26 x 10°copies/L, EBV-DNA in
peripheral blood mononuclear cells (PBMCs) of 5.93 x 10*
copies/L, ferritin 1090.7 pg/L, interleukin-6 (IL-6) level of
74.45 pg/mL and soluble interleukin-2 receptor (sIL-2R)
level of 2083 U/mL. Her bone marrow examinations failed
to identify any abnormal lymphocytes or haemophagocyto-
sis. Peripheral blood cell sorting and EBV-DNA PCR
suggested predominant EBV infection with 4.68 x 10°
copies per 2 x 10° T lymphocytes and 1.17 x 10° copies per
2 x 10° NK cells. NK cell killing activity decreased to 6.50%
(normally >15.11%) (Fig. 1b), and the expression levels of
activated CD107a (for assessing NK cell degranulation)
decreased to 33.24% (normally >40%) (Fig. 1j). Exome
sequencing demonstrated the presence of novel digenic
heterozygous STXBP2 (c.592A > C) and LYST (c.830A > T)
mutations as well as some variants of unknown significance
with HLH (Table 1, Fig. 1). Two-generation pedigree ana-
lysis using Sanger sequencing showed that the mutations
were inherited from her parents, and NK cell function tests
for her parents were conducted as well (Table 2, Fig. 1). We
noticed that her mother had an NK cell dysfunction which
was even more severe than that of the patient herself, while
her father’s NK cell functions were all normal. It still
remains unclear why the patient’s mother did not experi-
ence any clinical symptoms all the way through, and we for-
mulated our assumption in Discussion and Conclusions
section. Because seven of the eight criteria of HLH-2004
were met [13], the patient was finally identified to have sec-
ondary HLH. X-linked lymphoproliferative disease (XLP) is
a secondary disease caused by immunodeficiency-mediated
EBV infection. Individuals with XLP-1 are uniquely sensi-
tive to diseases caused by EBV, which otherwise runs a
fairly benign course in most healthy individuals. HLH rep-
resents 60% of all the disease clinical features while the age
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of onset is within the range of 0.5-40 years old [14]. The
symptoms of HLH secondary to XLP is very similar to our
case. However, the patient in our case cannot be diagnosed
with XLP since we found that she and her parents had no
SH2DIA or XLP1 mutations via WES and Sanger sequen-
cing tests.

Following diagnosis, the patient was treated with per-
sistent small dose of dexamethasone (0.1 mg/kg-d™?).
We were able to manage the disease in the beginning,
with a decreased ferritin level of 5951 pg/L, IL-6 level of
17.78 pg/mL and normal body temperature. However,
her condition was out of control one month later with
the appearance of recurrent high-grade fever, rising
levels of inflammatory factors, macrophage activation
syndrome (MAS) and capillary leak syndrome (CLS),
and we switched her therapy to the HLH-2004 protocol
with etoposide and dexamethasone. DEP regimens (lipo-
somal doxorubicin, etoposide and methylprednisolone)
were also provided when HLH relapsed for the second
time [15]. Ferritin levels peaked at 3222.2 pg/L and sub-
sequently began to decline. Currently, the HLH of this
patient has been well-controlled for a month and she is
currently waiting for haematopoietic stem cell trans-
plantation (HSCT).

For Whole Exome Sequencing (WES), DNA samples
were isolated from peripheral blood. The genomic library
of the proband was recovered for exome enrichment with
Agilent Sure Select Human Exon v7 and was sequenced
by Illumina HiSeq2500 with an average 300x coverage.
The Broad Institute’s Genome Analysis Toolkit was ap-
plied during the data analysis. Reads were aligned with the
[lumina Chastity Filter and the Burrows Wheeler Aligner.
Variants were identified by the GATK UnifiedGenotyper
module. For quality control measures, coverage per base
was 351x, and Q30 percentage was 92.71%. For filtering
strategy: First, generated variants were locally annotated
with Annovar software under Linux system. Next, only
mutations affecting amino acid sequence were filtered for
further analysis (including missense, nonsense, frameshift/
non-frameshift insertion/deletion, splice-site mutation and
other complex mutations). Afterwards, variants with
frequency in Han population no less than 0.01 were fil-
tered out. Then variants failed to pass quality control
(reads <20, quality<30, or variants with significant
strand bias) were filtered out. The mutated genes were
filtered out based on classification of primary immuno-
deficiencies compiled by the Primary Immunodeficiency
Expert Committee (PID EC) of the International Union of
Immunological Societies (IUIS) [16, 17], and further tested
by Sanger sequencing. Splice site variants were taken into
consideration in this filter strategy while promoter regions
were not. WES study was not performed on the proband’s
parents. Only potential pathogenic mutations in Primary
Immunodeficiency (PID) associated genes (Table 1) of the
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Fig. 1 Target cell (K562-EGFP) apoptosis indicating NK cell killing activity examined using flow cytometry (Annexin V-APC, propidium iodide-
PC5.5): a Natural apoptosis background of target cell. b Target cell apoptosis of the patient. ¢ Target cell apoptosis of her mother. d Target cell
apoptosis of her father. CD107a expression level indicating NK cell degranulation examined using flow cytometry (CD107a-FITC, CD3-PerCP):
Resting e and activated (i) CD107a level of control group. Resting (f) and activated (j) CD107a level of the patient. Resting (g) and activated (k)
CD107a level of her mother. Resting (h) and activated (I) CD107a level of her father. Heterozygous mutations of STXBP2 (c.592A > C, p.Thr198Pro)
(m) and LYST (c.830A > T, p.His277Leu) (n) detected in DNA sequence of the patient’s mother by Sanger sequencing
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proband were identified in the proband’s parents using
Sanger sequencing.

Discussion and conclusions

This is the first case report of adult HLH associated with
novel digenic mutations of STXBP2 and LYST, in com-
bination with EBV infection. It is possibly the first poly-
genic model report as well, since the pathogenicity of
other mutated genes are not yet clear. We also con-
ducted an in-depth two-generation pedigree study to
clarify the mode of inheritance in this case.

Exome sequencing results suggested that the patient
has LPS-Responsive Beige-Like Anchor Protein (LRBA),
Autoimmune Regulator Gene (AIRE) and Interferon Regu-
latory Factor 8 (IRF8) mutations in addition to STXBP2
and LYST mutations. Inherited from her mother, the
LRBA mutation could lead to autoimmune diseases and

EBV lymphoproliferative disease as reported in another
case [18]. All the other mutations of the patients were
inherited from her father. AIRE mutation is associated
with autoimmunity diseases [19], while JRF8 mutation is
associated with dendritic cells (DC) maturation and influ-
ences NK cell functionalities [20]. Taken together, it is
difficult to verify whether or not these mutated genes are
all involved in this patient’s EBV infection and HLH.
Whether this case follows a digenic or a polygenic model
also remains a question. However, her father and uncle
(with IRF8 mutation detected) are not eligible to be
transplantation donor as their mutated genes could also
be associated with HLH occurrence. Unrelated donor
allogeneic haematopoietic stem cell transplantation
(URD-HSCT) should be taken into consideration for
every patient, and donors have to receive NK cell func-
tionality testing as well in order to confirm that the
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Table 2 Two-generation analysis of mutation genes and NK cell function
Patient Mother Father
Mutation genes STXBP2 + + -
LYST + + -
LRBA + + -
AIRE + - +
IRF8 + - +
NK cell function Killing activity (normally 215.11%) 6.50% 4.97% 16.18%
Activated CD107a level (normally =240%) 33.24% 22.60% 51.20%
Resting CD107a level (normally =25%) 14.90% 3.14% 15.87%

+, mutant; —, wild type

procedure could be effective thorough elimination of defi-
cient NK cells in the patient body and thus prevent relapse
[14]. Actually, among the cases (EBV+ T/NK-cell lympho-
proliferative disease, infectious mononucleosis, EBV+ B-cell
lymphoma, Hodgkin lymphoma, posttransplant lymphopro-
liferative disorders and EBV+ T/NK-cell lymphoma) we
collected, the NK cell activity of most patients combined
with EBV related diseases were suppressed (61/88, 69.3%),
only few of them were normal. Moreover, every HLH
patient (22)'s NK cell functionality was suppressed or even
absent, which slowly recovered once HLH symptoms were
controlled (Author, unpublished data, 2018).

As for the reason why the proband’s mother did not
develop any clinical sign, here’s our assumption: Firstly, the
patient’s mother is heterozygote. Differing from pediatric
HLH that are typically due to homozygous mutations, the
vast majority of EBV related adult HLH attacks are caused
by heterozygous mutations. Secondly, the patient inherited
other potential pathogenic genes from her father as well,
except for the 2 genes inherited from her mother that are
most likely pathogenic. Last, adult HLH is a type of disease
which is generally caused by genetic mutations along with
other acquired factors, for instance infections, tumors, etc.
The patient in this case had had an abortion before being
caught in the fever, which might be a precipitating factor of
the HLH occurrence. We tested her mother’s plasma
EBV-DNA and the result was negative (1.35x 10%/L in
peripheral blood mononuclear cell). The low-copy EBV of
her mother appears to be a solid evidence why she did not
progress into HLH or any relevant disease phenotypes,
despite being found with STXBP2, LYST and other hetero-
zygous mutations along with declined NK activity, but it
could be deduced that the mother falls under the high-risk
population of secondary HLH. EBV infection is the most
frequent factor that triggers subsequent HLH [21]. For
people with diagnosed immune deficiencies which increase
their EBV susceptibility, it would be particularly difficult to
achieve full virus elimination. As a result, the persistence of
EBV infection would contribute to HLH and NK/T lymph-
oma occurrence [14]. In this case, unknown mechanisms
that are able to inhibit EBV activity were probably involved

in her mother’s case, and the persistent EBV infection of
the patient was possibly the reason why she came to a com-
pletely distinct consequence as compared with her mother.

Although progress has been made in understanding
HLH, it is still a life-threatening disease today. We
report this case for the illustration of possible digenic
and polygenic mode of inheritance of HLH that have
been previously confirmed in the mouse model only [12].
We are looking forward to advancing our understanding
and offering a higher level of individualization of HLH
treatments in the future, apart from classic chemotherapy
and HSCT. Cord blood NK cell transplantation is ex-
pected to be capable of repairing damaged NK cells
[22, 23], and monoclonal antibodies (mAb), for ex-
ample the anti-sCD25 mAb, could potentially target
certain cytokines that are perceived as unmanageable
[24]. In the future, customized gene therapy may pro-
vide solutions for the treatment of HLH.
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