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Biallelic mutations in several genes associated with cytotoxic lymphocytes function has been 
related to Familial HLH (FHLH). The clinical presentation of primary and acquired HLH may be 
indistinguishable, and both forms are commonly triggered by infections. FHLH is well described in 
children but in the last decade several late-onset cases have been reported. 

We report the clinical and immunological characteristics of two adult patients carrying a single 
variant in Perforin-1. Patient-1, p.A91V carrier, was diagnosed of B-cell Chronic Lymphocytic Leukemia 
(CLL) and suffered leishmaniosis with severe progression of HLH disease that leads to death. 
Patient-2, carrier of p.R4H, suffered two HLH episodes in the context of HIV infection. The severity 
and the recurrence of the disease may suggest that these single PRF1 variants could predispose to 
immune-mediated disease. 

Future studies are needed to understand the role of these variants in the development of the 
disease.

ABSTRACT

Abbreviations
HLH: Hemophagocytic Lymphohistiocytosis; FHLH: Familial HLH; NK: Natural 

Killer; CTLs: Cytotoxic T Lymphocytes; CLL: Chronic Lymphocytic Leukemia; AIDS: 
Acquired Immune Defi ciency Syndrome; CADD: Combined Annotation Dependent 
Depletion; ExAC: Exome Aggregation Consortium

Introduction
Hemophagocytic Lymphohistiocytosis (HLH) is a heterogeneous life-

threatening infl ammatory multiorganic symdrome. Patients suff er an 
hyperinfl ammatory syndrome with fever, hepatosplenomegaly, cytopenias 
and, less commonly, central nervous system involvement. Hemophagocytosis 
is the hallmark of HLH. Others common fi ndings include hypofi brinogenemia, 
hypertriglyceridemia and increased levels of ferritin, aminotransferases and the 
alpha-chain of the soluble IL-2 receptor [1,2]. 

HLH can be divided into primary (underlying genetic basis) and secondary 
(acquired) forms, which can overlap in their clinical presentation. Patients with 
Familial HLH (FHLH) present defects related to granule-dependent cytotoxicity of 
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Natural Killer (NK) cells and Cytotoxic T Lymphocytes (CTLs) 
[2]. Five subtypes of FHLH have been described associated 
with the following genes: PRF1 (FHL2), UNC13D (FHL3), STX11 
(FHL4), and STXBP2 (FHL5) [3-5]. The estimated incidence 
of FHLH is 0.1 to 1 cases per 100,000 children per year, but it 
is more common in regions of high consanguinity due to the 
autosomal-recessive inheritance [1]. Patients with familial 
form typically develop symptoms within the fi rst months of 
life [2]. Nevertheless, up to 20% of patients present the fi rst 
episode after 2 years of age and a few of them develop FHLH 
in adulthood.

Secondary HLH is probably more frequent than primary 
and it can be typically triggered by infection, malignancy, 
metabolic or autoimmune diseases [2]. In these cases, 
patients do not have disease-causing mutations in related 
genes and it may become apparent at a later age. EBV and 
leishmania infections are the most frequent triggers of the 
disease [2]. However, fi nding an infectious agent does not 
help to distinguish the etiology of HLH, because the primary 
forms are often triggered by infections.

Clinical diagnosis of HLH is made on the basis of 
cardinal signs and symptoms including prolonged fever, 
hepatosplenomegaly and characteristic laboratory fi ndings 
[6]. Even though, therapy with immunosuppressive agents 
is addressed at the severity of symptoms, prompt diagnosis 
of primary HLH is mandatory. It is diffi  cult to distinguish 
between secondary or primary HLH forms by clinical 
symptoms. In fact, it is necessary to perform specialized 
functional tests to evaluate granule-dependent cytotoxicity 
and mutational study. FHLH is considered an autosomal 
recessive immune disorder but nowadays some studies show 
that hypomorphic mutations in related genes correlate to 
late-onset presentation and/or mild symptoms and other 
reports suggest that heterozygous defects in two diff erent 
genes (PRF1, UNC13D, STX11, and STXBP2) involved in 

cytotoxic pathway may have a synergistic deleterious eff ect 
[7]. 

We describe genetic and immunological fi ndings of two 
adult patients who developed clinical features of HLH in the 
context of infection that presented a monoallelic variant in 
the PRF1 locus.

Materials and Methods
Case reports

P1: A 45-year-old asymptomatic man was incidentally 
discovered to have a white blood cell count of 33.70 × 103/
μL [normal range: 3.50-12*103 /μL] (neutrophils 5.5%, 
lymphocytes 93.20% and monocytes 0.9%) during a routine 
annual visit to his primary care physician. 

Peripheral blood fl ow cytometry revealed a clonal B cell 
population CD19+ CD5+ FMC7- and CD23+, consistent with 
B-cell Chronic Lymphocytic Leukemia (CLL) (Figure 1). The 
physical examination did not reveal neither organomegaly or 
lymphadenopathy and the CLL was classifi ed as Rai state 0. 
Fluorescence in situ hybridization (FISH) to detect common 
chromosome abnormalities with prognostic signifi cance in 
CLL showed del(13) q(14.3), associated with a relatively good 
prognosis.

Five months after the diagnosis, he presented 
sweating and subfebrile temperature, associated to 
hepatosplenomegaly and lymphadenopathies. The patient 
suff ered a rapid progression to stage C of the disease. 

Complete blood count demonstrated leukocytosis 
(5.93* 103 / μL) with persistent lymphocytosis (4.92* 103 /μL 
[normal range: 1.5-4.5*103/μL]), anemia (hemoglobin 10 g/
dL [normal range: 12.0-18.0 g/dL]) and thrombocytopenia 
(platelets 87*103/μL [normal range: 130– 450*103/μL]).  

Figure 1 Bone marrow aspirate and peripheral blood immunophenotyping from patient. 
Panel A: Wright-Giemsa stained showing hemophagocytosis and amastigote form of Leishmania. 
Panel B: Flow cytometry analysis of CD23+ FMC7- and CD5+ B cells, gated on lymphocytes.



799Cunill V, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1516

Chemotherapy (bendamustina and Obinutuzumab) was 
started.

Over the next month, the patient developed an episode 
consistent with HLH. Bone Marrow (BM) aspirate revealed 
active hemophagocytosis (Figure 1) and laboratory studies 
showed anemia, hypertriglyceridemia and hyperferritinemia. 
The severity of symptoms required initiating treatment 
according to HLH-04 protocol. Leishmania infection was 
detected by PCR and amastigote forms of Leishmania 
were observed in BM (Figure 1). Chloroquine treatment 
was started. The parasitic infection was eradicated but the 
patient died due to progressive multiple-organ failure.

P2: 39-year-old male from Senegal was diagnosed with 
stage B3 of Acquired Immune Defi ciency Syndrome (AIDS). 
Persistent low levels of CD4 lymphocytes meant a forced 
change of antiretroviral therapy to emtricitabine, rilpivirine 
and tenofovir.

Three years after diagnosis, the patient was re-admitted 
to the Hospital due to pneumonia by P. Aaeruginosa, that 
was treated with Cefepime. On admission he presented 
splenomegaly and a pulmonary infi ltrate. Laboratory 
analysis revealed anemia [Hgb 8 g/dL (normal range: 12.0-
18.0 g/dL)], hypertriglyceridemia (199 mg/dl [normal range: 
50-150 mg/dl]) and hyperferritinemia (453 ng/mL [normal 
range: 20-275 ng/mL]). Immunological analysis showed a T 
CD4+ lymphopenia (461 cell/μl) and low percentage of NK 
(CD3- CD56+) cells (< 1%). BM aspirate and spleen biopsy 
showed abundant histiocytes with active hemophagocytosis.  
The computer tomography scan showed splenomegaly and 
several lymphadenopathies and biopsy of inguinal lymph 
nodes showed Kaposi’s sarcoma. He required splenectomy 
and chemotherapy was established.

Four years later the patient was readmitted with fever 
and fatigue. The anamnesis showed several adenopathies, 
hemolytic anemia, hepatomegaly, hypertriglyceridemia 
(777 mg/dL) and hyperferritinemia (4533 ng/mL). Castleman 

disease was diagnosed secondary to Human Herpesvirus 
Type 8 and hemophagocytosis was present in BM and 
peripheral blood.  Corticoids, rituximab and ganciclovir were 
added to the treatment regimen.

Laboratory tests to evaluate the cytoxicity machinery 
in P2 showed normal Perforin-1 expression and normal 
degranulation function in CTLs, test based on surface up-
regulation of CD107a (data not shown).

Genetic analysis

The severity and the recurrence of the disease in P1 and 
in P2 may suggest a genetic disease, predisposing to HLH. 
Sequence analysis of the PRF1, UNC13D and STX11 genes 
revealed the monoallelic p.A91V and p.R4H variants in 
Perforin-1, in patients P1 and P2 respectively (Figure 2). 
Written informed consent was obtained from all subjects.

Discussion and Conclusion
Classically, Familial Hemophagocytic Lymphohistiocy-

tosis (FHLH2-5), is considered an autosomal recessive im-
mune disorder caused by mutations in PRF1, UNC13D, STX11, 
and STXBP2, respectively.  These genes all encode proteins 
essentials for granule mediated cytotoxicity [1]. 

Perforin-1, codifying by PRF1 gene, is a pore-forming 
cytolytic protein synthesized and stored in secretory granules 
of CTLs and NK.  Up to 60% of cases of FHLH are associated 
with mutations in PRF1 gene. However, the contribution of 
some variants has not been fully clarifi ed [8]. The p.R4H 
change detected in P2 is a poor documented substitution and 
it has not been associated to defi ned Perforin-1 activity in the 
literature. This variant, located in the leader signal peptide, 
shows ambiguous results in silico prediction tools of human 
sNPS: it was predicted to be benign and deleterious using 
PolyPhen-2 and SIFT tools, respectively. The Combined 
Annotation Dependent Depletion (CADD) score was 19.06 for 
this variant, indicating that it is predicted to be damaging. 

Figure 2 Molecular analysis of the PRF1 gene. 
Panel A: DNA sequencing of P1 revealed a heterozygous gene profi le with one mutations in c.272C>T.  
Panel B: P2 showed a heterozygous c.11G>A variant. These variants resulted in aminoacid substitutions p.A91V and p.G149S, respectively.
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According to ExAC Browser database, the allele frequency 
in the total population is 1.1%, however, it has been found 
in up to 11% of African population [9].  The p.A91V variant 
found in P1 is one of the most controversial variants of 
the PRF1 gene. It is high frequency, around 3% and 17% of 
healthy study populations, suggests that it may represent 
a neutral polymorphism of Perforin-1 [10,11].  However, 
diff erent studies have shown that p.A91V in homozygous 
state or together with other nonfunctional allele is 
associated with impaired function [8] and/or diff erent 
clinical presentations, ranging from an atypical FHLH to 
hematological malignancies [12,13]. The signifi cant question 
about this high frequent variant is whether heterozygosity 
may predispose to an immune mediated disease. Some 
authors have made an eff ort studying the functional eff ect 
of p.A91V variant in the cytolytic activity of Perforin-1. Ilia 
Voskoboinik, et al. [14] showed that the p.A91V substitution 
results in impaired protein function.  Jenny, Chia et al. 
[15] established a link between the p.A91V and partial loss 
function, delayed onset of FHL, and increased susceptibility 
to hematological malignancies. Finally, a relevant study 
evaluated the cytotoxicity capacity of cells from healthy 
individual carriers of p.A91V [16]. Surprisingly their assays 
revealed that these healthy carriers had at least a 35% 
reduction in NK cytotoxicity due to a protein misfolding. 
These relevant data suggest that the p.A91V variant could be 
a risk factor associated to HLH, even in heterozygous state.

Patient 1, with asymptomatic CLL, developed rapid 
progression of the disease although he did not present 
apparent high-risk biological features. The association 
between HLH and hematological malignancies has been 
well described [17-19] but only a few cases of CLL have been 
associated with HLH.  This patient suff ered a severe HLH 
in the context of Leishmania infection and hematological 
malignancies that led to death. Patient 2, carrier of the 
monoallelic p.R4H substitution was HIV infected since 2010 
and suff ered from 2 episodes of HLH over 5 years. 

The presence of these genetic variants, one of them with 
recognized functional eff ect in heterozygous cytotoxic cells, 
may indicate that monoallelic mutations in PRF1 could be a 
risk factor for HLH.

Early diff erential diagnosis of primary and secondary 
forms of HLH is clinically important to decide the treatment 
strategy. However, the establishment of the etiology may 
be diffi  cult because there are not enough specifi c clinical or 
laboratory parameters.

FHLH disease usually appears in the fi rst years of life, 
however, it has been described several cases of late onset. 
For this reason, exclusion of a genetic disease predisposing 
to HLH is important for childhood and adult-onset forms of 
the disease. 

Genetic tests are useful for early and late onset 
presentations of FHLH but, unfortunately, results are not 

available in a short period of time. Expression and functional 
tests may rapidly help diff erentiate between inherited and 
acquired forms of HLH. However, these tests are only 
available in specialized clinical laboratories and have 
limitations detecting partial defects. 

Therefore, the mutational study of PRF1 is also 
recommended despite obtaining a normal Perforin-1 
expression level, in order to evaluate the possible eff ects of 
these common variants in a heterozygous state, mainly in 
patients with indicators for a genetic predisposition.

In summary, our results further support that this 
frequent variants may predispose to suff er a milder clinical 
phenotype or later onset of the disease. Further studies are 
needed to reveal the eff ect of these monoallelic variants on 
HLH.
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