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Abstract Hemophagocytic lymphohistiocytosis (HLH) is a rare life-threatening hyperinflammatory 

disease. This study aimed to investigate the frequencies and distributions of inherited variants in PRF1, 

UNC13D, STX11, STXBP2, SH2D1A, and XIAP genes in Chinese patients with HLH. A total of 265 

patients diagnosed with HLH from January 2010 to December 2016 were recruited and analyzed for 

the six genes. Genetic variants were observed in 87 (32.83%) patients. 36 (13.58%) exhibited variants 

in UNC13D, 18 (6.79%) exhibited PRF1 variants, 10 (3.77%) had variants in XIAP, 9 (3.40%) 

exhibited variants in STXBP2, 6 (2.26%) carried variants in SH2D1A, 1 (0.38%) had STX11 variant, 

and 7 (2.64%) exhibited digenic variants. Monoallelic variants were the most common, which 

accounted for 49.43% of all cases with variants. All variants were confirmed to be germline derived. 

The present study describes a distinct variant spectrum in Chinese patients with HLH, whereby 

UNC13D is the most frequently mutated gene with missense variants that are the most common 

molecular defects. The variant profile of Chinese HLH patients is quite different from that of Western 

cohorts but similar to that of Korean patients, yet showing its own uniqueness. This racial difference 

shows the role of genetic background in the occurrence of HLH. 

Keywords hemophagocytic lymphohistiocytosis - gene variants - variant spectrum - racial differences 

Introduction 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
Hemophagocytic lymphohistiocytosis (HLH) is a rare life-threatening hyperinflammatory disease 

caused by defective function of cytotoxic T lymphocytes and natural killer cells, which leads to the 

accumulation of antigens. Persistent antigen stimulation leads to organ infiltration by over-activated 

cytotoxic T lymphocytes and macrophages, which produce high levels of cytokines such as interferon 

(IFN)-γ, tumor necrosis factor (TNF)-α, interleukin (IL)-6, and IL-18. The cytokine storm which is 

caused by excessive and ineffective immune responses leads to multi-organ dysfunction and a series of 

severe clinical manifestations such as prolonged fever, hepatosplenomegaly, pancytopenia, liver failure 

and, in many cases, central neurologic manifestations (1). HLH is usually divided into two categories 

based on the presence or absence of genetic defects: primary (inherited) and secondary (acquired) HLH. 

Inherited HLH consists of familial (FHL) and HLH caused by other genetic abnormalities. The latter is 

often accompanied by some special clinical manifestations, such as partial albinism. FHL is now 

subdivided into 5 types, FHL1 to FHL5. The genetic defect of FHL1 has been mapped to chromosome 

9q21.3, but the gene involved remains unidentified. The molecular pathogenesis of FHL2, FHL3, 

FHL4 and FHL5 are pathogenic variants in the genes encoding perforin 1 (PRF1) (2), Munc13-4 

(UNC13D) (3), syntaxin 11 (STX11) (4), and syntaxin-binding protein 2 (STXBP2) (5), respectively. 

The clinical manifestation and pathogenesis of X-linked lymphoproliferative disease (XLP), which is 
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caused by pathogenic variants in SH2D1A (6) or XIAP (7) genes, resembles HLH. Furthermore, XLP2 

due to XIAP deficiency has been suggested to be classified as X-linked FHL (8). 

 In 2011, Meeths et al. (9) reported two pathogenic, noncoding aberrations of UNC13D for the first 

time. One of them is a substitution localized in an evolutionarily conserved region of intron 1 

(c.118-308C>T), which selectively impairs UNC13D transcription in lymphocytes and abolishes 

Munc13-4 expression. The other one is a 253-kb inversion straddling UNC13D, affecting the 3’-end of 

the transcript and likewise abolishing Munc13-4 expression. The substitution in intron 1 was found in 

patients across Europe, whereas the inversion was limited to Northern Europe. In 2013, Entesarian et al. 

(10) reported pointed out another deep intronic variant of UNC13D (c.118-307G>A), which impairs 

UNC13D transcription possibly by disrupting a transcription factor binding-site or enhancer element. 

These findings implicate that structural variations and nucleotide substitutions outside exons and splice 

sites can also be causative of HLH. In 2014, Zhang et al. (11) proposed that heterozygous defects in 

two degranulation pathway genes have a synergistic deleterious effect, and thus imply that a digenic 

mode of inheritance can lead to FHL. This genetic model has been confirmed in murine models as well 

(12). 
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 In the present study, we aimed to inspect the inherited variant spectrum of the six FHL related 

genes in a large cohort of Chinese HLH patients, and compare the characteristics of these variants with 

other ethnic and regional populations. 

Materials and methods 

Subjects 

Patients admitted to Hebei Yanda Lu Daopei Hospital (Sanhe, China) and Peking University First 

Hospital (Beijing, China) with a diagnosis of HLH from January 2010 to December 2016 were 

included in the study. All patients met the HLH-2004 diagnostic criteria as described by the Histiocyte 

Society (13). Patients’ detailed clinical data, auxiliary examinations and laboratory tests were obtained 

through the analysis of their medical records, follow-up during treatment and pedigrees. Peripheral 

blood or bone marrow from patients and peripheral blood or nails from their family members were 

obtained. The present study was approved by the ethics committee at the two hospitals. Written 

informed consents for medical record review were obtained from all patients or their guardians in 

accordance with the 1964 Helsinki declaration, and its later amendments or comparable ethical 

standards. 
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Amplification and sequence analysis 

Genomic DNA was isolated from peripheral blood and bone marrow using the TIANamp Blood DNA 

kit (Tiangen Biotech Co., Ltd., Beijing, China; Item No. DP318) or from fingernails using the 

TIANamp FFPE DNA kit (Tiangen Biotech Co., Ltd.; Item No. DP331) according to the 

manufacturer’s protocol. Referenced coding sequences of the PRF1 (NM_005041.4), UNC13D 

(NM_199242.2), STXBP2 (NM_006949.2), STX11 (NM_003764.3), SH2D1A (NM_002351.3), and 

XIAP (NM_001167.2) were obtained from the National Center for Biotechnology Information 

Consensus CDS database (https://www.ncbi.nlm.nih.gov/projects/CCDS/CcdsBrowse.cgi). Primers 

were designed to amplify the coding exons and the flanking intron sequences of the six genes, as well 

as the deep intronic regions of UNC13D covering the c.118-308 and c.118-307 loci. The amplified 

products were subsequently used for Sanger sequencing, in both directions, according to standard 

procedures (BigDye version 3.1 and ABI 3500xL Genetic Analyzer, Life Technology). Variations were 

analyzed using Variant Reporter software (Version 1.1, Life Technology). Primers used for detection of 

the 253-kb inversion straddling UNC13D and the method for result judgment were referred to report of 

Meeths et al. (9). 

Variant analysis 
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Data bases including Single Nucleotide Polymorphism database (dbSNP; 

http://www.ncbi.nlm.nih.gov/snp/), 1000 Genomes Project 

(http://www.ncbi.nlm.nih.gov/variation/tools/1000genomes/), the Exome Aggregation Consortium 

(ExAC; http://exac.broadinstitute.org/) and the Genome Aggregation Database (gnomAD; 

http://gnomad.broadinstitute.org/) were referenced to obtain the frequencies of variants in large 

populations. Common variants with minor allele frequencies >1% in the 1000 Genomes Project, ExAC 

and gnomAD were likely to be benign and not included in this study. The detected rare variants were 

classified according to the standards and guidelines recommended by the American College of Medical 

Genetics and Genomics (ACMG) (14) and only pathogenic, likely pathogenic or uncertain significance 

variants were included in the present study. 

Confirmation of germline derivation of variants. 

For patients determined to harbor pathogenic, likely pathogenic, or uncertain significance variants, the 

same variant was detected in their family members to confirm whether the variant was 

germline-derived. 

Analysis of NK cell cytotoxicity 
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NK cell-mediated cytotoxicity was assessed by flow cytometry as previously described by Wu et al. 

(15). The plasmid pEGFP-N1 was transfected into K562 cells. After scanned with G4l8 and monoclone, 

the EGFP-K562 cell line stably expressing enhanced green fluorescent protein was obtained. PBMNC 

and EGFP-K562 were mixed at the effector to target ratio of 10:1. After incubation of 2 hours, 

propidium iodine (PI) was added to stain dead cells, and then cytotoxic activity was analyzed using 

flow cytometry. Values >14% were considered to be normal. 

Statistical Analysis 

Comparison of diagnostic rates in different age groups was performed using the Chi-square test with 

SPSS software (version 20.0; IBM Corp., Armonk, NY, USA). P<0.05 was considered to indicate a 

statistically significant difference. 

Results 

Clinical characteristics 

192 and 91 patients with HLH were admitted to Hebei Yanda Lu Daopei Hospital (Sanhe, China) and 

Peking University First Hospital (Beijing, China), respectively, between January 2010 and December 

2016. 18/283 were excluded due to poor DNA quality. A total of 265 patients with HLH (152 males and 
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113 females) were recruited in the present study. The median age at presentation was 3 years (range, 1 

month to 56 years) with a male predominance (male:female ratio, 1.35:1). All patients fulfilled the 

HLH-2004 diagnostic criteria by having at least five of the eight proposed items. All patients presented 

with fever and hepatosplenomegaly. Other clinical presentations and laboratory findings are 

summarized in Table 1. 

Analysis of the gene variants 

A total of 84 different variants, including 30 pathogenic ones, 17 likely pathogenic ones and 37 

variants of uncertain significance, were identified in 87 unrelated patients (32.83%) (Table 2). Among 

them, 36 (13.58%) exhibited variants in UNC13D, 18 (6.79%) exhibited PRF1 variants, 10 (3.77%) 

had variants in XIAP, 9 (3.40%) exhibited variants in STXBP2, 6 (2.26%) carried variants in SH2D1A, 

1 (0.38%) had STX11 variant, and 7 (2.64%) exhibited digenic variants (Fig. 1). Determination of all 

variants were referred to the dbSNP, 1000 Genomes, ExAC and gnomAD databases. 

Most patients (43/87, 49.43%) carried autosome monoallelic variants, followed by patients with 

homozygous or hemizygous or compound heterozygous variants (37/87, 42.53%). Another 7 patients 

(7/87, 8.05%) carried digenic variants. 
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Patients were divided into 5 groups according to age at diagnosis/onset of HLH (0-1y, 1-5y, 5-12y, 

12-18y, >18y) (Table 1). In the whole cohort (n=265), 37 patients were detected to have homozygous 

or hemizygous or compound heterozygous variants (13.96%). The percentage of patients who had 

homozygous or hemizygous or compound heterozygous variants in the above 5 age groups were 13.33% 

(12/90), 15.91% (14/88), 16.33% (8/49), 6.25% (1/16) and 9.09% (2/22), respectively. The diagnostic 

rate was higher in children 12 years of age or younger than that in patients older than 12 years of age, 

but the difference was not statistically significant (14.98% vs. 7.89%, P = 0.317). 

Characteristics of UNC13D variants 

UNC13D was the most frequently mutated gene in this study. A total of 50 mutant alleles were detected 

in 41 patients. Missense variants were most common, which accounted for 58% (29/50). Splicing 

variants, frameshift variants, nonsense variants, deep intronic variants, and in-frame insertion variants 

accounted for 14%, 12%, 10%, 4%, and 2%, respectively (Fig. 2A). Most patients (27/41, 65.85%) had 

only one heterozygous variant. Only one patient had homozygous variant of UNC13D. 8 patients were 

compound heterozygous. Furthermore, we identified 5 patients carried digenic variants in UNC13D 

and other genes (Fig. 2B). 
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A total of 39 different pathogenic, likely pathogenic, or uncertain significance variants were 

identified in the 41 patients. These variants distributed widely in 20 different exons and their adjacent 

splice site regions, as well as in the highly conserved region of intron 1 of UNC13D. No hot spot 

region for variants and no predominant variant was identified (Fig. 3A). The 253-kb inversion was not 

detected, and only two patients were identified to carry the pathogenic c.118-308C>T variant in the 

deep intron of UNC13D gene. 

Characteristics of PRF1 variants 

PRF1 was the second most common mutated gene in our cohort. 35 mutant alleles were detected in 22 

patients. Most of them were missense variants and frameshift ones, splicing variants were not detected 

(Fig. 2A). Most patients were compound heterozygous, followed by those carried monoallelic variants 

(Fig. 2B).  

 A total of 19 different pathogenic, likely pathogenic, or uncertain significance variants, which 

widely spread across the coding regions of PRF1, were identified in the 22 patients. Among them, 

c.1349C>T/p.T450M was the most frequent variant, which was identified in 8 patients (36.36%), 

including 1 homozygous and 7 heterozygous. The other two common variants were 
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c.65delC/p.P22RfsX29 and c.503G>A/p.S168N, which were detected in 6 (27.27%) and 4 (18.18%) 

patients, respectively (Fig. 3B). 

Characteristics of STXBP2 variants 

A total of 11 mutant alleles, all of which were missense ones, were detected in 11 patients. Nine of 

them carried monoallelic variants, the other two patients carried digenic variants in PRF1 and 

UNC13D, respectively (Fig. 2). 

 A total of 10 distinct missense variants, which were likely pathogenic or of uncertain significance, 

were found in the 11 patients. Except for c.953C>T (p.T318M), which was detected in 2 cases, other 

variants were all detected only once (Fig. 3C). 

Characteristics of SH2D1A and XIAP variants 

Pathogenic, likely pathogenic, or uncertain significance variants in SH2D1A or XIAP were detected in 

18 patients, including 6 males with SH2D1A hemizygotic variants, 10 males with XIAP hemizygotic 

variants, and 2 females with digenic variants with other genes. Besides missense, frameshift, nonsense 

and splicing variants, deletion of certain exons or the whole gene was often found in SH2D1A and 

XIAP (Table 2). 
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For patient 54 and 78, the agarose gels of the amplification products of XIAP showed deletion of 

exon 3 and exon 6-7, respectively (Fig. 4). For patient 82 and 34, the agarose gels of the amplification 

products of SH2D1A showed no band, which indicated deletion of the SH2D1A gene. Therefore, SNP 

array was utilized in these two patients and their mothers, respectively. Analysis of copy number 

variations confirmed deletion of SH2D1A in the two patients and the deletion was inherited from their 

mothers, who were carriers of SH2D1A heterozygous deletion. 

Discussion 

In this study, 6 FHL related genes were analyzed in 265 Chinese patients with HLH, and genetic 

variants were observed in 32.83% (87/265) of them. Previous studies have shown that the frequencies 

of variants in FHL related genes vary among different ethnic groups. In studies of Sweden (9), 

Germany (16), Turkey (16), Middle East (33), North America (34), Korea (35), and Japan (36), the 

prevalence of FHL related gene variants in HLH patients was 38%, 30%, 81%, 82%, 60%, 22%, 52.5%, 

respectively. However, PRF1, UNC13D, STX11, STXBP2, SH2D1A and XIAP were not detected 

simultaneously in these studies. In some research, only three genes were studied. In some research, 

cases with monoallelic variants were considered as cases with an unknown defect. Therefore, there is 

not much comparability among the frequencies of FHL related gene variants in different populations. 
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 It is worth noting that in studies of European (16), American (37, 38), and Japanese (39) 

populations, PRF1 was reported as the most common causative gene defect. Moreover, a few racial 

specific recurrent variants in PRF1 have been observed in certain populations, such as 

c.1122G>A/p.W374X in Turks (16), c.50delT/p.L17fsX34 in African-Americans (37), 

c.207delC/p.D70fsX37 and c.1090-1091delCT/p.L364fsX93 in Japanese (39). In contrast, researches 

in Korea showed that UNC13D was the predominant causative gene with recurrent splicing variants in 

Korean patients with FHL (35, 40). The high rates of c.118-308C>T (38%) and c.754-1G>C (26%) 

accounted for the unusual predominance of FHL3 in Korea and they were both founder variants in 

Korean patients (35, 41). 

 In our cohort, UNC13D was the most frequently mutated gene, which was accounted for 47.13% 

(41/87) of all patients who were positive of the 6 FHL genes. PRF1 was the second most common 

mutated gene, which accounted for 25.29% (22/87) of all patients positive of the 6 FHL genes. Most 

variants in PRF1 were missense and frameshift ones, and three recurrent variants, including 

c.1349C>T/p.T450M, c.503G>A/p.S168N, and c.65delC/p.P22RfsX29 were found in this study. The 

pathogenic variant c.1349C>T has only been reported in Chinese (42) and Japanese (43) patients. The 

pathogenic variants c.503G>A and c.65delC/p.P22RfsX29 have only been reported in Chinese (42) and 
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Korean (44) patients, separately. Thus these three pathogenic variants might also be racial and 

geographical specific. UNC13D is the predominant causative gene both in Chinese and Korean patients, 

suggesting that the genetic background of Chinese population is close to that of Koreans. However, the 

genetic variants of UNC13D found in this study also had some characteristics differentiations from that 

of Korean. Missense variants were the most common, which were accounted for 58%, while splicing 

variants were accounted for only 14%. Moreover, no hot spot region for variants or predominant 

variant in UNC13D was identified. The two predominant intronic variants c.754-1G>C and 

c.118-308C>T in Korean patients were rarely found in our cases, with only 2 patients (0.75%) carrying 

heterozygous c.118-308C>T were detected. The distinct genetic variant spectrum in Chinese patients 

indicated the role of genetic background in the development of HLH. 

 It is generally agreed that genetic HLH is an autosomal or X linkage (XLP) recessive disorder, 

which means that only homozygous or hemizygous or compound heterozygous variants may be 

pathogenic, while heterozygous carriers do not show clinical symptoms. However, symptomatic 

heterozygous variant carriers have been presented in several reports (18). In these individuals, it is 

unclear whether and how heterozygous variants lead to disease. Consequently, these patients are often 

classified as having “secondary” HLH. However, such a classification is problematic because the 
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therapeutic approaches required for primary and secondary HLH are widely divergent, with primary 

HLH requiring treatment with chemoimmunotherapeutic agents followed by allogeneic hematopoietic 

stem cell transplantation, and secondary HLH requiring a much less intensive approach or even no 

therapy. 

There is growing evidence that monoallelic variants can also contribute to HLH. Spessott et al. 

reported that the monoallelic missense variant R65W or R65Q in STXBP2 act as dominant negatives 

that interfere with the release of lytic granules and thus lead to FHL-5 (45). Moreover, the observations 

that some patients with FHL have been found to carry a monoallelic variant in one or more 

HLH-associated genes suggest the possibility that other types of pathogenic variants (eg, gross 

insertions/deletions, complex rearrangements, pathogenic variants in noncoding regions) in the other 

“normal” allele are not able to be detected by traditional sequencing of the exons and exon/intron 

boundaries or that these patients possess pathogenic variants in additional genes that contribute to the 

development of HLH (11, 18). Another possible explanation is that monoallelic variants may contribute 

to the pathogenesis of the disease, but are not sufficient to initiate the disease phenotype alone. 

Additional unidentified genetic defects which are involved in the pathogenesis of HLH, or possibly 

even environmental factors, may contribute to the development of HLH (18, 28, 46). The discovery of 
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deep intronic variants (c.118-308C>T (9) and c.118-307G>A (10)) and 253-kb inversion straddling 

UNC13D (9) in FHL patients who have monoallelic variants in UNC13D, and the digenic mode of 

inheritance of FHL suggested by Zhang et al. (11) gradually confirm the above speculations, and 

provide new ideas for the study of genetic factors in the development of HLH. 
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Table 1 Clinical manifestations and laboratory findings of patients with HLH (n=265)  

 Whole cohort 

(%) 

Patients with 

no variants 

(%) 

Patients 

with 

variants (%) 

Patients with 

only UNC13D 

variants (%) 

Patients with 

only PRF1 

variants (%) 

Patients with only 

SH2D1A/XIAP 

variants (%) 

Patients with 

only STXBP2 

variants (%) 

Patients with 

only STX11 

variants (%) 

Patients 

with digenic 

variants (%) 

Number of patients 265 178 87 36 18 16 9 1 7 

Age at diagnosis, years          

0-1 90/265 (34) 65/178 (37) 25/87 (29) 12/36 (33) 4/18 (22) 7/16 (44) 1/9 (11) 1/1 (100) 0/7 (0) 

1-5 88/265 (33) 54/178 (30) 34/87 (39) 10/36 (28) 8/18 (44) 7/16 (44) 4/9 (44) 0/1 (0) 5/7 (71) 

5-12 49/265 (18) 30/178 (17) 19/87 (22) 10/36 (28) 4/18 (22) 1/16 (6) 3/9 (33) 0/1 (0) 1/7 (14) 

12-18 16/265 (6) 14/178 (8) 2/87 (2) 2/36 (6) 0/18 (0) 0/16 (0) 0/9 (0) 0/1 (0) 0/7 (0) 

18+ 22/265 (8) 15/178 (8) 7/87 (8) 2/36 (6) 2/18 (11) 1/16 (6) 1/9 (11) 0/1 (0) 1/7 (14) 

Characteristics          

Fever 265/265 (100) 178/178 (100) 87/87 (100) 36/36 (100) 18/18 (100) 16/16 (100) 9/9 (100) 1/1 (100) 7/7 (100) 

Hepatomegaly 265/265 (100) 178/178 (100) 87/87 (100) 36/36 (100) 18/18 (100) 16/16 (100) 9/9 (100) 1/1 (100) 7/7 (100) 

Splenomegaly 265/265 (100) 178/178 (100) 87/87 (100) 36/36 (100) 18/18 (100) 16/16 (100) 9/9 (100) 1/1 (100) 7/7 (100) 

Hemoglobin <90g/L 232/265 (88) 165/178 (93) 67/87 (77) 27/36 (75) 14/18 (78) 14/16 (88) 7/9 (78) 1/1 (100) 4/7 (57) 

Platelet count <100×109/L 237/265 (89) 162/178 (91) 75/87 (86) 33/36 (92) 15/18 (83) 13/16 (81) 7/9 (78) 1/1 (100) 6/7 (86) 

Absolute neutrophil count 189/265 (71) 120/178 (67) 69/87 (79) 34/36 (94) 13/18 (72) 11/16 (69) 7/9 (78) 0/1 (0) 4/7 (57) 
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<1.0×109/L 

Triglyceride ≥3mmol/L 182/235 (77) 129/160 (81) 53/75 (71) 28/33 (85) 11/15 (73) 7/14 (50) 5/7 (71) 0/0 2/6 (33) 

Fibrinogen <1.5g/L 172/249 (69) 133/172 (77) 39/77 (51) 18/34 (53) 9/18 (50) 6/12 (50) 3/7 (43) 0/1 (0) 3/5 (60) 

Ferritin ≥500mg/L 255/263 (97) 172/177 (97) 83/86 (97) 34/36 (94) 17/18 (94) 15/15 (100) 9/9 (100) 1/1 (100) 7/7 (100) 

sCD25≥2400U/ml 172/190 (91) 112/125 (90) 60/65 (92) 28/30 (93) 11/12 (92) 10/10 (100) 7/7 (100) 1/1 (100) 3/5 (60) 

NK cell activity <14% 124/163 (76) 80/113 (71) 44/50 (88) 19/20 (95) 10/10 (100) 6/9 (67) 5/6 (83) 1/1 (100) 3/4 (75) 

Hemophagocytosis in bone 

marrow, lymph nodes or spleen 

191/265 (72) 128/178 (72) 63/87 (72) 32/36 (89) 11/18 (61) 9/16 (56) 7/9 (78) 1/1 (100) 3/7 (43) 

Neurological symptoms 21/265 (8) 12/178 (7) 9/87 (10) 3/36 (8) 2/18 (11) 0/16 (0) 2/9 (22) 0/1 (0) 2/7 (29) 

ALT >50U/L 142/235 (60) 92/161 (57) 50/74 (68) 25/32 (78) 9/15 (60) 7/12 (58) 4/7 (57) 0/1 (0) 5/7 (71) 

AST >50U/L 151/235 (64) 103/161 (64) 48/74 (65) 28/32 (88) 7/15 (47) 6/12 (50) 5/7 (71) 0/1 (0) 2/7 (29) 

GGT >60U/L 139/235 (59) 99/161 (61) 40/74 (54) 22/32 (69) 7/15 (47) 5/12 (42) 3/7 (43) 0/1 (0) 3/7 (43) 

LDH >250U/L 129/235 (55) 88/161 (55) 41/74 (55) 19/32 (59) 8/15 (53) 4/12 (33) 5/7 (71) 0/1 (0) 5/7 (71) 

ALB <35g/L 106/235 (45) 79/161 (49) 27/74 (36) 15/32 (47) 5/15 (33) 3/12 (25) 2/7 (29) 0/1 (0) 2/7 (29) 

TBIL >20mmol/L 113/235 (48) 85/161 (53) 28/74 (38) 18/32 (56) 4/15 (27) 3/12 (25) 2/7 (29) 0/1 (0) 1/7 (14) 

Abbreviations: ALT, alanine amino transaminase; AST, aspartate transaminase; GGT, gamma glutamyl transferase; LDH, lactate dehydrogenase; ALB, albumin; TBIL, total bilirubin 
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Table 2 Summary of patients with variants in the six FHL related genes (n=87) 

Patient 
Sex/Age at 

diagnosis 
Gene Variant Zygosity 

frequency data in  

population databases ACMG classification Reference 

1000Ga ExACb gnomADc 

18 M/7m UNC13D c.71G>A (p.R24H) Het. ND 0 0 uncertain significance NA 

16 F/8m UNC13D c.3193C>T (p.R1065X) Het. ND 0.05% ND pathogenic (16) 

25 F/11m UNC13D c.297-298delAC (p.L100AfsX7) Het. ND ND ND pathogenic novel observation 

UNC13D c.751C>T (p.Q251X) Het. ND ND ND pathogenic novel observation 

24 M/1y UNC13D c.751C>T (p.Q251X) Het. ND ND ND pathogenic novel observation 

41 M/1y UNC13D c.1389G>T (p.Q463H) Het. ND ND 0.08% uncertain significance NA 

7 F/1y UNC13D c.1454C>T (p.P485L) Het. 0 0 0 uncertain significance NA 

65 F/1y UNC13D c.1607G>T (p.R536L) Het. 0 0 0 uncertain significance NA 

6 F/1y UNC13D c.2495C>T (p.A832V) Het. 0.24% 0 0.01% uncertain significance NA 

2 M/1y UNC13D c.3067C>T (p.R1023C) Het. 0.24% 0.34% 0.13% uncertain significance NA 

31 M/1y UNC13D c.3067C>T (p.R1023C) Het. 0.24% 0.34% 0.13% uncertain significance NA 

60 M/1y UNC13D c.640C>T (p.R214X) Het. ND 0 0 pathogenic (17) 

UNC13D c.118-308C>T Het. ND ND ND pathogenic (9) 
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23 F/1y UNC13D c.2240G>A (p.S747N) Het. ND 0.06% 0.05% uncertain significance (18) 

UNC13D c.2553+5C>G Het. 0.48% 1.00% 0.08% pathogenic (19,20) 

30 M/2y UNC13D c.859-3C>T Het. 0 0.06% 0.06% likely pathogenic NA 

57 M/2y UNC13D c.2588G>A (p.G863D) Het. 0.72% 0.43% 0.36% pathogenic (19) 

12 F/2y UNC13D c.2955-4G>A Het. ND ND ND likely pathogenic novel observation 

14 M/3y UNC13D c.1120C>A (p.P374T) Het. ND ND 0 pathogenic (19,21) 

59 M/3y UNC13D c.1232G>A (p.R411Q) Het. 0.96% 0.80% 0.80% uncertain significance (11,22) 

72 M/3y UNC13D c.2588G>A (p.G863D) Het. 0.72% 0.43% 0.36% pathogenic (19) 

73 F/3y UNC13D c.3049C>T (p.E1017K) Het. ND ND 0.01% likely pathogenic (23) 

UNC13D c.118-308C>T Het. ND ND ND pathogenic (9) 

67 M/4y UNC13D c.299T>C (p.L100P) Het. ND ND ND uncertain significance  novel observation 

28 F/5y UNC13D c.3229_3235del (p.R1077SfsX12) Het. ND 0.20% 0.12% pathogenic NA 

56 M/5y UNC13D c.3259C>T (p.R1087W) Het. 0.24% 0.10% 0 likely pathogenic (20) 

13 M/6y UNC13D c.1845_1847dupTGA (p.D615dup) Het. ND ND ND likely pathogenic novel observation 

UNC13D c.2999T>C (p.L1000P) Het. ND ND ND uncertain significance novel observation 

43 F/9y UNC13D c.3229C>T (p.R1077W) Het. ND 0 ND uncertain significance NA 

77 M/10y UNC13D c.196G>A (p.R66C) Het. ND ND 0 uncertain significance NA 

9 M/10y UNC13D c.856insG (p.R287EfsX174) Hom. ND ND ND pathogenic novel observation 

61 M/11y UNC13D c.602A>G (p.H201R) Het. 0.24% 0.08% 0.09% uncertain significance NA 
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1 M/11y UNC13D c.2240G>A (p.S747N) Het. ND 0.06% 0.05% uncertain significance (18) 

UNC13D c.2553+5C>G Het. 0.48% 1.00% 0.08% pathogenic (19,20) 

36 M/12y UNC13D c.602 A>G (p.H201R) Het. 0.24% 0.08% 0.09% uncertain significance NA 

69 F/12y UNC13D c.1607G>T (p.R536L) Het. 0 ND ND uncertain significance NA 

32 F/12y UNC13D c.2212C>T (p.Q738X) Het. ND 0 ND pathogenic (23) 

35 M/12y UNC13D c.3134C>T (p.T1045M) Het. 0.24% 0 0.11% pathogenic (19) 

UNC13D c.2553+5C>G  Het. 0.48% 1% 0.08% pathogenic (19,20) 

33 M/16y UNC13D c.1201T>A (S401T) Het. ND 0.02% 0.03% uncertain significance NA 

UNC13D c.1202C>A (S401Y) Het. ND 0.02% 0.03% uncertain significance NA 

52 M/17y UNC13D c.1280G>A (p.R427Q) Het. 0.24% 0.03% 0.02% pathogenic (19) 

38 M/25y UNC13D c.2553+5C>G Het. 0.48% 1% 0.08% pathogenic (19,20) 

86 M/48y UNC13D c.115_116insG (p.E39GfsX33) Het. ND ND ND pathogenic novel observation 

53 M/8m PRF1 c.562C>G (p.P188A) Het. ND ND ND uncertain significance novel observation 

27 M/1y PRF1 c.98G>A (p.R33H) Het. 0 0.02% 0.05% pathogenic (18,21) 

8 M/1y PRF1 c.65delC (p.P22RfsX29) Het. 0 0.01% 0.02% pathogenic (19,21) 

PRF1 c.1349C>T (p.T450M) Het. 0.24% 0.01% 0 pathogenic (19,20) 

15 M/1y PRF1 c.65delC (p.P22RfsX29) Het. 0 0.01% 0.02% pathogenic (19,21) 

PRF1 c.1349C>T (p.T450M) Het. 0.24% 0.01% 0 pathogenic (19,20) 

64 M/2y PRF1 c.1349C>T (p.T450M) Het. 0.24% 0.01% 0 pathogenic (19,20) 
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PRF1 c.1103T>A (p.L368Q) Het. ND ND ND uncertain significance novel observation 

20 M/2y PRF1 c.1349C>T (p.T450M) Het. 0.24% 0.01% 0 pathogenic (19,20) 

PRF1 c.1491T>A (p.C497X) Het. ND ND ND pathogenic (24) 

40 M/3y PRF1 c.1349C>T (p.T450M) Het. 0.24% 0.01% 0 pathogenic (19,20) 

76 M/3y PRF1 c.634T>C (p.Y212H) Het. ND ND 0 uncertain significance NA 

PRF1 c.65delC (p.P22RfsX29) Het. 0 0.01% 0.02% pathogenic (19,21) 

74 F/3y PRF1 c.673C>T (p.R225W) Het. ND 0.01% 0.01% likely pathogenic (21) 

PRF1 c.1304C>T (p.T435M) Het. ND 0 0 likely pathogenic (21) 

17 M/4y PRF1 c.742G>A (p.G248R) Het. ND 0 0 uncertain significance NA 

37 M/4y PRF1 c.65delC (p.P22RfsX29) Het. 0 0.01% 0.02% pathogenic (19,21) 

PRF1 c.148G>A (p.V50M) Het. ND ND ND likely pathogenic (24) 

66 M/5y PRF1 c.65delC (p.P22RfsX29) Het. 0 0.01% 0.02% pathogenic (19,21) 

PRF1 c.1349C>T (p.T450M) Het. 0.24% 0.01% 0 pathogenic (19,20) 

10 M/6y PRF1 c.394G>A (p.G132R) Het. ND 0 0 uncertain significance NA 

26 F/6y PRF1 c.445G>A (p.G149S) Het. 0 0 0 likely pathogenic (25,26) 

PRF1 c.1349C>T (p.T450M) Het. 0.24% 0.01% 0 pathogenic (19,20) 

21 M/9y PRF1 c.1349C>T (p.T450M) Hom. 0.24% 0.01% 0 pathogenic (19,20) 

70 F/10y PRF1 c.503G>A (p.S168N) Het. ND 0.03% 0.05% pathogenic (19, 21) 

PRF1 c.215G>A (p.T72N) Het. ND ND ND uncertain significance novel observation 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
11 M/19y PRF1 c.1066C>T (p.R356W) Het. ND 0.01% 0.01% pathogenic (19) 

22 M/56y PRF1 c.65delC (p.P22RfsX29) Het. 0 0.01% 0.02% pathogenic (19,21) 

PRF1 c.503G>A (p.S168N) Het. ND 0.03% 0.05% pathogenic (19,21) 

68 M/11m STXBP2 c.953C>T (p.T318M) Het. 0.72% 0.50% 0.50% uncertain significance NA 

44 F/2y STXBP2 c.386C>T (p.T129M) Het. ND ND ND uncertain significance novel observation 

5 M/2y STXBP2 c.953C>T (p.T318M) Het. 0.72% 0.50% 0.50% uncertain significance NA 

29 M/2y STXBP2 c.971A>G (p.K324R) Het. ND 0.01% 0.01% likely pathogenic (20,26) 

49 M/5y STXBP2 c.1072A>G (p.K358E) Het. ND ND ND uncertain significance novel observation 

48 M/6y STXBP2 c.365G>A (p.R122H) Het. ND 0 0 uncertain significance NA 

87 M/7y STXBP2 c.986C>T (p.T329M) Het. 0.72% 0.50% 0.48% uncertain significance NA 

3 F/10y STXBP2 c.184 A>G (p.N62D) Het. ND 0.07% 0.04% likely pathogenic (20,27) 

46 M/25y STXBP2 c.1696A>G (p.R566G) Het. 0.48% 1.10% 0.82% uncertain significance NA 

63 M/4m XIAP c.921_924delAACT (p.T308IfsX23) Hemi. ND ND ND pathogenic novel observation 

71 M/1y XIAP c.1045delGAG (p.E349del) Hemi. ND ND ND likely pathogenic novel observation 

54 M/1y XIAP Exonic deletion Hemi. ND ND ND pathogenic novel observation 

47 M/2y XIAP c.1103_1104insA (p.D368EfsX23) Hemi. ND ND ND pathogenic novel observation 

81 M/2y XIAP c.1328G>A (p.R443H) Hemi. ND ND 0 uncertain significance NA 

83 M/2y XIAP c.1358G>A (p.C453Y) Hemi. ND ND ND uncertain significance novel observation 

78 M/4y XIAP Exonic deletion Hemi. ND ND ND pathogenic novel observation 
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42 M/5y XIAP c.1099+2T>C Hemi. ND ND ND likely pathogenic (28) 

51 M/6y XIAP c.389_392ACAGdel (p.D130GfsX11) Hemi. ND ND ND pathogenic novel observation 

79 M/28y XIAP c.1328G>A (p.R443H) Hemi. ND ND 0 uncertain significance NA 

84 M/8m SH2D1A c.163C>T (p.R55X) Hemi. ND ND ND pathogenic (20,29) 

85 M/1y SH2D1A c.199_201+23del Hemi. ND ND ND pathogenic novel observation 

45 M/1y SH2D1A c.137_138insT (p.Y47VfsX21) Hemi. ND ND ND pathogenic novel observation 

82 M/1y SH2D1A Exonic deletion Hemi. ND ND ND pathogenic novel observation 

80 M/4y SH2D1A c.T228A (p.Y76X) Hemi. ND ND ND pathogenic (30) 

34 M/5y SH2D1A Exonic deletion Hemi. ND ND ND pathogenic novel observation 

50 M/1y STX11 c.646C>A (p.R216S) Het. ND 0 0.01% uncertain significance NA 

4 M/3y PRF1 c.503G>A (p.S168N) Het. ND 0.03% 0.05% pathogenic (19,21) 

PRF1 c.853_855delAAG (p.K285del) Het. ND 0 0 pathogenic (16,19) 

STX11 c.627C>A (p.S209R) Het. ND ND 0.01% uncertain significance NA 

19 M/2y UNC13D c.1174-3 C>G Het. ND 0.08% 0.05% likely pathogenic NA 

STXBP2 c.11C>T (p.S4L) Het. ND ND 0 uncertain significance NA 

39 M/5y UNC13D c.1982A>G (p.K661R) Het. ND ND ND uncertain significance novel observation 

SH2D1A c.293T>C (p.L98P) Hemi. ND ND ND uncertain significance novel observation 

55 M/2y UNC13D c.460C>T (p.R154W) Het. ND 0 0 uncertain significance NA 

PRF1 c.305G>T (p.C102F) Het. ND 0.01% ND likely pathogenic  (31) 
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58 M/38y PRF1 c.674G>A (p.R225Q) Het. ND 0.06% 0.04% pathogenic (19,21) 

UNC13D c.1241G>T (p.R414L) Het. ND 0.01% 0.02% uncertain significance (32) 

UNC13D c.684-1G>A Het. ND ND ND likely pathogenic novel observation 

62 M/3y UNC13D c.3229_3235del (p.R1077SfsX12) Het. ND 0.20% ND pathogenic NA 

XIAP c.1057-2A>G Hemi. ND ND ND likely pathogenic novel observation 

75 M/11y PRF1 c.503G>A (p.S168N) Het. ND 0.03% 0.05% pathogenic (19,21) 

STXBP2 c.1674G>T (p.E558D) Het. ND 0.01% 0.02% uncertain significance NA 

Abbreviations: M, male; F, female; m, month; y, year; Het., heterozygous; Hom., homozygous; Hemi., hemizygous; 1000G, 1000 Genomes Project; ND, no data; NA, not available 

aallele frequency in Han Chinese in Beijing China and Southern Han Chinese 

ballele frequency in East Asian population 

callele frequency in East Asian population 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
Figure Legends 

Fig.1 Frequency and spectrum of variants in the six genes in 265 patients with HLH. 

 

 

Fig2. Characteristics of variants in UNC13D, PRF1, and STXBP2 genes. (a) Frequencies of different 

types of mutant alleles of the three genes. (b) Frequencies of different variant carrying forms of patients 

positive of UNC13D, PRF1 and STXBP2 variants. 
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Fig 3. The locations, frequencies and types of variants in UNC13D, PRF1, and STXBP2 genes 

identified in this study. (a) A total of 39 different variants of UNC13D identified in 41 patients. (b) A 

total of 19 different variants of PRF1 identified in 22 patients. (c) A total of 10 different variants of 

STXBP2 identified in 11 patients. The gray rectangles represent the respective exons. Functional 

domains are color-coded and numbers below correlate to the amino acid sequence. Each circle 

represents a detected variant and the different colors of the circles depict different mutant types. 

Variants of uncertain significance were shown in blue font, while the pathogenic/likely pathogenic 

variants were shown in red font. 
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