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Introduction
Hemophagocytic Lymphohistiocytosis (HLH) is a rare but potentially life-threatening 

hyperinflammation syndrome caused by excessive immune activation. Primary HLH (Familial 
Hemophagocytic Lymphohistiocytosis [FHL]) refers to HLH caused by mutations in several genes, 
including perforin/PRF1, Munc 13-4/UNC13D, or Munc 18-2/STXBP2.

Perforin is a cytotoxic pore-forming protein stored in the lysosome-like secretory granules 
of Cytotoxic T Lymphocytes (CTLs) and Natural Killer Cells (NKCs) [1,2]. In combination with 
granzymes, perforin is crucial for killing transformed cells and pathogen-infected cells by inducing 
target-cell apoptosis [3,4]. The spectrum of pathologies associated with perforin deficiency indicates 
that perforin is essential for immune homeostasis and tumor immune surveillance [5]. In humans, 
mutations in the Perforin (PRF1) gene confer susceptibility to early-onset melanoma, a malignancy 
in which CD8+ T cells limit disease progression and metastasis [6], and mono- and biallelic PRF1 
gene mutations occur in patients with Hodgkin and non-Hodgkin lymphomas [2,7,8].

Here, we present the case of a 9-year-old Chinese female with a diagnosis of FHL-2 who 
developed pre-B Acute Lymphoblastic Leukemia (ALL). The patient was compound heterozygous 
for two novel mutations in the PRF1 gene: c.394G>A (p.G132R) and c.1349C>T (p.T450M). The 
patient had markedly reduced NKC cytotoxic activity. Our findings add to the evidence base 
showing that patients with FHL who present with abnormalities in NKC function are susceptible to 
malignancies [9].

Case Presentation
A 9-year-old Chinese female with a diagnosis of FHL-2 presented to our institution with 

persistent high fever of unknown origin, pancytopenia, and coagulopathy. Physical examination 
revealed lethargy, pallor, cervical lymph node swelling, and hepatosplenomegaly. Laboratory 
evaluations showed: Hemoglobin, 7.3 g/dl; hematocrit, 19.7%; platelets, 59K/μl; white blood cells, 
1.67 K/μl; ferritin, 6250 ng/ml; triglyceride, 414 mg/dl; alanine aminotransferase, 65 U/L; aspartate 
aminotransferase, 140 U/L; Lactate Dehydrogenase (LDH), 812 U/L; fibrinogen, 109 mg/dl; partial 
thromboplastin time/activated partial thromboplastin time, 19.5/67.4 sec; thrombin time 45.6 
sec; D-dimers 1841 ng/L; albumin 40.4 g/L; and soluble CD25 25774.65 pg/ml. Flow cytometry 
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demonstrated decreased intracellular perforin expression on the 
patient’s CTLs and NKCs , and markedly reduced NKC cytotoxic 
activity (2.7%) compared to levels observed in a healthy individual. 
The patient had defective degranulation on the CD107a assay. Viral 
markers of Epstein-Barr virus (EBV) were negative. Evaluation of 
bone marrow aspirates showed hemophagocytic Histiocytes (HS), 
consistent with hemophagocytic syndrome (Figure 1). Cytogenetic 
analysis demonstrated the patient was compound heterozygous 
for two mutations in the PRF1 gene: c.394G>A (p.G132R) and 
c.1349C>T (p.T450M); the patient’s father was heterozygous for the 
c.394G>A (p.G132R) mutation and her mother was heterozygous 
for the c.1349C>T (p.T450M) mutation (Figure 2). The c.1349C>T 
(p.Thr450Met) mutation was inherited from her father and is known 
to be pathogenic. The c.394G>A (p.G132R) mutation was inherited 
from her mother and is previously unreported. The c.394G>A 
(p.G132R) mutation has a PolyPhen-2 predictive value of 0.926 
(probably damaging).The c.1349C>T (p.Thr450Met) mutation 
has a Sorting Intolerant from Tolerant (SIFT) predictive value of 

-4.921 (deleterious variant) and a Polymorphism Phenotyping v2 
(PolyPhen-2) predictive value of 1.000 (probably damaging).

The patient was diagnosed with hemophagocytic syndrome 
and treated with dexamethasone and etoposide. She achieved 
partial remission after 4 weeks of treatment. Hematopoietic cell 
transplantation was planned, but the patient experienced fever, 
seizure, leukocytosis, anemia, diffuse lymphadenopathy, and elevated 
LDH (1701 U/L) during the sixth week of treatment. Evaluation of 
bone marrow aspirates showed 26% lymphoblasts, no evidence of HS 
(Figure 1), and a 46.XY karyotype. Flow cytometry demonstrated that 
72.4% of leukocytes were positive for CD19, CD10, CD22 and HLA-
DR, indicating a pro-B cell phenotype. The patient was treated with a 
Berlin-Frankfurt-Muenster 95-protocol for standard risk pre-B ALL. 
She remained in clinical remission after induction therapy, but soon 
relapsed and died of multiple organ failure.

Discussion
In 1999, Stepp et al. [10] described PRF1 as the first gene for 

Figure 1: (A) Bone marrow biopsy specimen demonstrating hematophgocytosis as a diagnostic criterion for HLH; (B) Bone marrow biopsy specimen indicating 
ALL.

Figure 2: Sequence chromatograms showing the patient was compound heterozygous for two mutations in the PRF1 gene: c.394G>A (p.G132R) and c.1349C>T 
(p.T450M).
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FHL2. Since then, PRF1 mutations have been identified in 15% to 
50% of patients with primary HLH [11]. Specifically, Wang et al. [12] 
identified mutations in 18/252 (7.1%) adolescent and adult patients 
with a clinical diagnosis of HLH, with PRF1 being the most common.

PRF1 is located at 10q21–22. It has 3 exons, and all coding 
sequences are in exons 2 and 3. Mutations in PRF1 lead to a deficiency 
in perforin protein, diminished lymphocyte cytotoxicity, uncontrolled 
immune activation, and extreme inflammation, which cause the 
onset of HLH symptoms [13]. Primary HLH has been associated with 
mutations in at least 9 genes. Among these, an estimated 70 mutations 
occur between exons 2 and 3 in PRF1.

p.W374X is the most common single PRF1 mutation in 
patients with primary HLH; however, PRF1 mutations may be 
distributed according to geographical region and ethnicity [5,14]. 
c.1090_1091delCT is the most prevalent PRF1 mutation in Korean 
and Japanese infants with typical HLH [15,16], p.S168N and p.T450M 
have been reported in adolescent and adult patients with a clinical 
diagnosis of HLH in China [12], and the compound heterozygous 
mutation c.65delC has been found in Asian infants with primary 
HLH [17,18]. Other PRL1 mutations such as c.949G>A, c.1228C>T, 
c.1349C>T, or p.A91V delay the age of onset or lead to mild 
symptoms, possibly because they occur in a functionally unimportant 
region of the protein [14].

The child in the present study had a diagnosis of FHL-2 and 
developed pre-B ALL. She was compound heterozygous for two 
mutations in the PRF1 gene: c.394G>A (p.G132R) and c.1349C>T 
(p.T450M). These variants have not been previously reported in 
individuals with primary HLH or as predisposing factors for ALL. 
Despite this, an increasing body of evidence in animal models and 
humans is linking mutations in PRL1 with increased susceptibility to 
hematologic malignancies, including leukemia and lymphoma [19]. 
In mice, perforin-deficiency substantially increased susceptibility to 
malignancy in distinct lymphoid cell lineages [20]. In patients with 
lymphoma, biallelic mutations of the perforin gene were associated 
with the development of Hodgkin or non-Hodgkin lymphoma; 
one patient with T-cell lymphoma had a sibling carrying the same 
mutations who developed HLH [21-23]. A small study linked the 
perforin polymorphism A91V to childhood ALL [24], but this finding 
was not confirmed in a larger cohort [25]. However, a subset of 
patients with ALL who also had a BCR-ABL translocation was more 
likely to carry A91V [26].

In conclusion, findings from the present study indicate that 
common genetic variants in the perforin locus may be associated 
with HLH and susceptibility to ALL. In this case, a 9-year-old 
Chinese female with a diagnosis of FHL-2 developed pre-B ALL. She 
was compound heterozygous for two mutations in the PRF1 gene: 
c.394G>A (p.G132R) and c.1349C>T (p.T450M). Physicians should 
be aware that patients with FHL who present with abnormalities in 
NKC function may be predisposed to malignancies.
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