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Abstract: Hemophagocytic lymphohistiocytosis (HLH) is a high-fatality disease caused by hereditary or
acquired immune dysfunction, and is characterized by pathological inflammatory response. Primary HLH
(pHLH) has hereditary genetic defects, and secondary HLH (sHLH) is caused by a variety of underlying
diseases. Here, we report the case of a patient with aggressive natural killer cell leukemia and HLH-related
gene defects who achieved long-term survival after treatment. A 20-year-old man presented to our hospital
with symptoms of fever and fatigue. Investigations revealed splenomegaly, cytopenia, hyperferritinemia,
hypofibrinogenemia, elevated levels of soluble CD25 (sCD25), and hemophagocytosis in bone marrow.
Bone marrow flow cytometry showed 23.4% abnormal natural killer cells, the cells were CD2, CD7, CD16,
CD9%4, NKG2A positive, met the diagnosis of aggressive NK-Cell leukemia. Investigation of the patient's
pedigree revealed that mutations of pHLH-related genes (LYST and UNCI13D) were inherited from his
father and mother, but neither of the parents had the disease. The patient received hematopoietic stem-cell
transplantation (HSCT), after which he achieved complete remission. As of 2020-10-19, the patient’s survival
has exceeded 3 years, and he has returned to his normal life. A variety of factors contribute to the onset of
HLH, and this case gives greater insight into the etiology of HLH. Allogeneic HSCT is a key treatment for
HLH patients with underlying genetic mutations.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a
highly fatal disease that is characterized by pathological
inflammatory response (1,2). HLH can be classified as
primary HLH (pHLH), which is related to hereditary
genetic defects, or secondary HLH (sHLH), which is
caused by a variety of underlying diseases.

In recent years, research on HLH has gradually
deepened to reveal a relationship between pHLH and
sHLH. Increasingly, it has been shown that sHLH patients
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carry genetic alterations, but triggered by secondary factors.

Here, we report the case of a 20-year-old male patient
with aggressive natural killer cell leukemia (ANKL)
complicated by mutations in LYST and UNCI13D, which
eventually led to the onset of HLH. After receiving
hematopoietic stem-cell transplantation (HSCT), the
patient achieved complete remission. Investigation of the
patient’s pedigree revealed that mutations of LYST and
UNCI13D were inherited from his parents, but neither
parent had the disease.
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Table 1 Results of laboratory investigations

Laboratory parameter Result Reference range
LDH (U/L) 892.2 0-248

ALT (U/L) 61.2 9-50

AST (U/L) 1141 15-40
Ferritin (ng/mL) 14,378 22-322
Triglyceride (mmol/L) 2.10 0-1.7
Fibrinogen (g/L) 1.08 1.8-3.5

IL-6 (pg/mL) 6.4 0-5.9

IL-10 (pg/mL) 93.8 0-9.1
sCD25 (pg/mL) 3,429.89 410-2,623

ALT, lactate dehydrogenase; AST, aspartate aminotransferase;
IL, interleukin; LDH, lactate dehydrogenase; sCD25, soluble
CD25.

We present the following article in accordance with
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-68).

Case presentation

In October 2017, a 20-year-old male was admitted to
our hospital after experiencing high fever and fatigue for
2 weeks. Physical examination showed 3 cm below the spleen
ribs. Routine blood tests showed leukopenia [white blood
cell count (WBC) 1.96x10°/L], neutropenia [neutrophils
(N) 0.83x10/L], thrombocytopenia [platelet count
(PLT) 63x10°/L], and anemia [hemoglobin (Hb) 69 g/L].
Additionally, elevated levels of lactate dehydrogenase,
liver enzymes, ferritin, and cytokines were observed,
whereas the patient’s fibrinogen levels were low. Normal
triglyceride levels were also recorded (7able I). The results
of EBV-DNA, herpes virus, respiratory pathogen, and
T-SPOT tests were all negative. Bone marrow biopsy
showed active hyperplasia, 4% of unidentified cells, and
obvious hemophagocytosis. Bone marrow flow cytometry
revealed 23.4% abnormal natural killer (NK) cells. The
cells were positive for CD2 ,CD7, CD16, CD94, and
NKG2A, and negative for sCD3, cCD3, CD4, CDS5,
CDS8, CD56, CD161, CD158a, CD158b, CD158e, and
NKG2C (Figure I1). Multiplex polymerase chain reaction-
based next generation sequencing detected mutations in
LYST (c.368A>G), UNCI13D (c.1189G>A), and CREBBP
(c.1651C>A). Next-generation pedigree analysis showed
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that the patient had inherited the mutations from his
parents (Figure 2).

On the basis of the patient’s results, the following
diagnosis was made: (I) ANKL (with CREBBP mutation);
(I) primary hemophagocytic syndrome (with mutations in
LYST and UND13D). The patient subsequently received
4 courses of EPOCH + PEG-Asp-based chemotherapy
[etoposide (100 mg/d, days 1-3), dexamethasone (10 mg/d,
days 1-5), vindesine (4 mg/d, day 1), cyclophosphamide
(1.2 g/d, day 5), liposomal doxorubicin (40 mg/d, day 1;
20 mg/d, day 2), and pegaspargase (3,750 1U/d, day 6)],
The treatment effect was evaluated as partial remission.
On May 9, 2018, the patient was admitted to a laminar
flow ward for unrelated donor HSCT. He underwent
a conditioning regimen with total-body irradiation/
etoposide/cyclophosphamide (TBI/VP16/Cy), and
received peripheral blood HSCT (total nucleated cells
13.9x10°, CD34+ 7.07x10° per kg recipient body weight)
on May 14, 2018. The patient was also administered
cyclosporine and mycophenolate mofetil as graft-versus-
host disease prophylaxis. The patient achieved neutrophil
and platelet engraftment on days 9 and 11 after the
treatment, respectively. His disease remission continued
post-transplant, and no maintenance therapy was required.
Almost 3 years after the follow-up transplant, the patient
was still alive and had returned to university.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient.

Discussion

HLH is a rare disease, but with the improvement
of diagnosis and treatment, as well as an increased
understanding of the disease, a rising number of cases are
being diagnosed and treated. The first cases of HLH were
reported in pediatric patients and were mostly primary.
However, it has been found that HLH can occur at any
age and has a variety of causes (1,3,4). Haemophagocytic
lymphohistiocytosis has traditionally been classified
according to the cause of disease and is divided into primary
(genetic) and secondary (reactive). In children, underlying
genetic defects play a predominant part in the development
of haemophagocytic lymphohistiocytosis. In adults, the three

main groups of causative factors are external (infections,
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Figure 1 Bone marrow immunophenotyping.
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Figure 2 Pedigree analysis of the patient.

autoimmune and neoplasia); these diseases increase the
risk of haemophagocytic lymphohistiocytosis. In adults,
the three main groups of causative factors are external
(infections, autoimmune and neoplasia); these diseases
increase the risk of haemophagocytic lymphohistiocytosis.
At least 12 genes are currently recognized as being related
to HLH. With the in-depth understanding of the cause of
the disease, especially in relation to genetic screening, some
cases previously diagnosed as sHLH have been redefined
as pHLH. Some scholars have even suggested that there
is no boundary between pHLH and sHLH, and that the
occurrence of HLH is more like a threshold disease (5-7).
Various factors involved result in a cytokine storm basing of
the existence of certain primary gene defects and triggering
of tumors and infection (8,9).

In the current case report, the patient was a 20-year-old
male with good health since childhood. The clinical
manifestations of the patient were a persistent high fever,
fatigue, splenomegaly, cytopenia, hyperferritinemia,
hypofibrinogenemia, elevated levels of sCD25, and
hemophagocytosis in bone marrow. At present, the
diagnosis of HLH in adults should be based on the HLH-
2004 diagnostic criteria as well as clinical judgment and
the patient’s history (10). Furthermore, the combination
of inflammatory cytokines (significantly increased levels of
interferon-y (IFN-y) and IL-10, with a slightly increased
IL-6 level) has high diagnostic accuracy for HLH (11,12).
According to the HLH-2004 standard, our patient met 7 of
the 8 diagnostic criteria, and his clinical manifestations also
supported HLH.

An interesting observation about this case is that
immunophenotyping revealed that the patient’s bone
marrow was positive for CD2 and CD16, and negative
for sCD3 and CD56, with no abnormal B cell or T cell
expression. Although the patient’s EBV-DNA test was
negative, according to the World Health Organization
2016 criteria and his clinical manifestations, he met the
diagnosis of EBV-negative aggressive NK-cell leukemia
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(with CREBBP mutation). Screening for HLH-related
genes revealed the patient to have heterozygous mutations
in LYST and UNC13D, which were inherited from both
parents. However, neither of the patient’s parents had
developed the disease, indicating that the patient developed
HLH due to mutations in the defective genes and with
ANKL as the trigger. More than two heterozygous
mutations HLH-associated genes have been described in
some patients, and have a synergistic deleterious effect (13).
In terms of treatment, considering the patient’s diagnoses
of ANKL and HLH, the EPOCH+PEG-Asp regimen
was selected (14-16), and best supportive treatment was
given. However, the patient’s routine blood results did
not return to normal. And due to defective genes, HSCT
was considered to be the only suitable treatment option.
Following unrelated donor HSCT, the patient’s disease was
alleviated. As of 2020-10-19, he had achieved long-term
survival and had returned to his studies.

After reviewing the etiology of this case, we can see that
various factors, including the presence of a tumor (ANKL)
and pHLH-related genes (LYST and UNC13D), ultimately
caused the occurrence of HLH. Although most cases of
adult HLH are secondary, genetic defects have also been
found in a part of older patients with the use of genetic
testing. Although most cases of adult HLH are secondary,
genetic defects have also been found in a part of older
patients with the use of genetic testing.

There appears to be no distinct boundary between
primary and secondary HLH. Instead, multiple factors
combine, culminating in the final pathway to HLH—
cytokine storm. Studies of the mechanism underlying the
occurrence of pHLH in children have been performed, but
it is still unclear. In an animal model study, perforin double
knockout (Prfl-/-) mice do not spontaneously develop
HLH-like symptoms, but they manifest all of the features
of HLH after infection with lymphocytic choriomeningitic
virus (LCMYV) (17). Another model found that the
accumulation of monoallelic mutations increased the risk
of developing HLH immunopathology after lymphocytic
choriomeningitis virus infection (18). These findings suggest
that in addition to innate immunodeficiency, external
environmental factors, such as viral infection, are involved
in triggering the development of the disease. Therefore the
threshold for the development of HLH is when lymphocyte
cytotoxicity can no longer maintain immune homeostasis.

Most patients with pHLH develop the disease before
the age of 2. However, with the development of molecular
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diagnostic technology, it has been confirmed that pHLH
can also affect older people. In fact, the oldest patient was
75 years old among the previous case reports (19). Clinicians
should be aware of the possibility of pHLH in some adults,
especially in patients with recurrent HLH, EBV infection,
or unknown etiology. In this situation, pHLH-related
tests should be considered, because which determines
the choice of stem-cell transplantation for treatment.
AlloSCT is necessary for patients with HLH mutations,
but there are still some issues to be further discussed, such
as the conditioning regimens and the selection of related
donors (20-22).
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