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LETTER TO THE EDITOR

Whole exome sequencing reveals a novel 
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in a common variable immunodeficiency 
patient presented with hemophagocytic 
lymphohistiocytosis
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Jianping Lan4* and Hongyan Tong1,2*  

Abstract 

Common variable immunodeficiency (CVID) was a kind of primary immunodeficiency disorders with heterogene-
ous phenotype and genotype. Lipopolysaccharide-responsive and beige-like anchor (LRBA) mutation was identified 
as disease associated in CVID, advanced genetic method will help to detect atypical cases. We report a case of adult 
patient manifested as hemophagocytic lymphohistiocytosis (HLH), bone marrow examination suggested prosperity 
to MDS, manifested as increased immature myeloid cells and dysplastic hematopoiesis. Whole exome sequencing 
(WES) identified a novel heterogeneous c.1876T > C (p.W626R) mutation in LRBA and four somatic mutations: ASXL1 
(c.1967dupA); PTPN11 (c.226G > A), U2AF1 (c.101C > T and c.470A > G), among which ASXL1 was a high-risk marker of 
clonal hematopoiesis. Combined with her recurrent severe infections and immune abnormalities such as hypoimmu-
noglobulinemia, the patient was diagnosed with CVID. Subsequent hematopoietic stem cell transplantation saved her 
from severe cytopenia and immune deficiency. This case report highlights the great promise of utilization of WES for 
diagnosing rare disease with atypical manifestations and guiding further treatment.
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Letter to the Editor,

Hemophagocytic lymphohistiocytosis (HLH) is a rapidly 
progressing and highly fatal disease, and the prognosis is 
closely related to the treatment of the primary disease [1], 

so it is particularly important to actively search for the 
cause while treating HLH. Common variable immuno-
deficiency (CVID) is the most prevalent primary immu-
nodeficiency disorder with heterogeneous phenotype 
and genotype [2], a timely and accurate diagnosis is also 
urgent to prevent significant morbidity and mortality 
[3]. Here, we report an adult CVID patient manifested 
as HLH, whole exome sequencing (WES) revealed LPS-
responsive beige-like anchor (LRBA) and myeloid malig-
nancy associated mutations may be the genetic cause. 
Finally, hematopoietic stem cell transplantation (HSCT) 
saved her from severe cytopenia and immune deficiency.
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A 46 years old female patient who presented with fever 
and fatigue as well as cytopenia for 20 days was referred 
to our center, physical examinations showed significantly 
hepatosplenomegaly. Laboratory tests revealed low 
fibrinogen and elevated ferritin and soluble CD25. Bone 
marrow smear showed an increase of phagocytosis (Fig 
1A). Flow cytometry showed increased abnormal granu-
locytes of 76.45% (Fig 1B), while biopsy showed pro-
liferative hematopoiesis with dysplastic erythroid and 
increased immature cells (Fig 1C). Hypogammaglobine-
mia and abnormal T cell subpopulations of peripheral 
blood were also detected (Table 1). Image test suggested 
pneumonia but no evidence of malignancy (Additional 
file  1: Figure S1). Therefore, the diagnosis of HLH is 
established. Viral infections were excluded by negative 
serology results. Her previous history showed recur-
rent respiratory tract infection, severe human papil-
loma virus infection led to total hysterectomy and 
severe virus pneumonia which needed ventilator adju-
vant treatment. Unexplained hepatosplenomegaly and 
hypogammaglobinemia was found then, but no severe 
cytopenia, thus CVID was established. WES analysis 
detected a novel single heterozygous mutation of LRBA 
(c.1876T  >  C; p.W626R). Another 4 somatic muta-
tions which suggested clonal hematopoiesis were also 
identified: ASXL1(c.1967dupA); PTPN11(c.226G  >  A); 
U2AF1(c.101C > T and c.470A > G). After obtaining the 
informed consent, the same mutation of LRBA in her 
healthy father, little brother and her son were confirmed 
by Sanger sequencing, but no such mutation in her 
mother and the older brother (Fig 1D). 

According to the HLH-2004 protocol, glucocorticoid 
and etoposide was given to her. Her fever improved and 
the spleen was significantly shrinked, but she still had 
cytopenia. On July 14th 2020, she underwent haploin-
dentical allogeneic HSCT from her older brother. Until 
the time of writing this article, the patient showed nor-
mal blood cell count, close to normal immunoglobu-
lin except for low IGA, no mutations were detected for 
another WES analysis.

Homozygous and compound heterozygous muta-
tions of LRBA were identified as one cause of CVID 
recently, which could decrease or abolish LRBA protein 
expression, thus resulting in very low cytotoxic T lym-
phocyte–associated antigen 4 (CTLA4) expression and 
dysfunction of T cells [4]. Some researchers believed 
that mild phenotypes were associated with compound 
heterozygous mutations and residual protein expres-
sion of LRBA, while other research showed that LRBA 
protein expression levels are not correlated with clini-
cal phenotypes [5, 6].Unfortunately, we have not tested 
the protein expression of LRBA in time, the T-to-C 
transition at position c.1876 in exon 14 of LRBA caused 
a substitution at position p. W626R(Cosmic 8925453), 
which was not in the main functional structural regions 
of the protein and we speculated that the novel muta-
tion may be associated with LRBA structural instabil-
ity and damaged regulatory function, just as reported 
by Pauline A et  al., monoallelic LRBA mutation was 
disease associated [7]. Besides, possible polygenic and 
epigenetic factors could also involve in CVID patho-
genesis, including PTPN11 [8, 9]. Just as in our case, 

Fig. 1 Bone marrow features: A Phagocytosis of red cells and platelets by hemophagocytichistiocytes; B Abnormal granulocytes and blast by flow 
cytometry; C Immunochemistry of BM specimen suggested an increase in immature myeloid cells which are positive for CD33, CD117, CD45-SSA, 
and CD11B; D Pedigree of the family and Sanger sequencing confirming the mutation status of LRBA in the patient and her parent, brother and son 
(F, father; M, mother; Patient; S, Son; B1, brother 1; B2,brother 2)
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Table 1 Immunological parameters

Parameters Measurement at diagnosis Measurement after HSCT (4 months) Normal range

Hemoglobin, g/L 57 110 115–150

Platlet,×109/L 5 133 100–300

Leucocytes, ×109/L 7.5 4.5 4–9

Lymphocytes, ×109/L 0.67 1.8 1.1–3.2

B cells, % 2.8 7.26 5.1–20.3

T cells 95.2 86.74 53.7–80.9

  CD3+CD4+, % 19.9 14.8 19.57–48.02

  CD3+CD8+, % 75.3 71.94 15.8–37.5

  CD4+CD25+FOXP3+,% 0.23 0.49 1.11–2.9

NK cell, % 2.0 6 6.7–30.9

Total T/NK lymphocyte, % 8.96 16.94 17.06–43.35

Cytotoxic T/NK Lymphocyte,% 2.29 3.73 2.86–18.22

Non-Cytotoxic T/NK Lymphocyte,% 6.68 13.21 11.15–35.76

IGG, mg/dL 543 1160 860–1740

IGA, mg/dL 10 79 100–420

IGM, mg/dL 18 123 50–280

C3, mg/dL 78 124 70–140

C4, mg/dL 19 36 10–40

sCd25, pg/ml 22914 5367 < 6400

NK cytotoxicity 22.96% 17.44% ≥ 15.11%

mutations of ASXL1, U2AF1 and PTPN11 combined 
with LRBA may participate in the formation of clinical 
phenotype. Importantly, CVID patients had a higher 
risk of developing malignancies, mainly lymphoma, 
MDS were rarely reported [10]. Increased immature 
cells and dysplastic hematopoiesis as well as the detec-
tion of clonal marker such as mutations in ASXL1 and 
U2AF all suggested the diagnosis for MDS [11]. More-
over, after HLH had been effectively controlled, cyto-
penia was not improved, all prompting us to perform 
HSCT as soon as possible.

In conclusion, we report a rare case of patient with 
CVID manifested as HLH had LRBA mutation and 
clonal hematopoiesis. WES played an important role in 
etiology diagnosis and guiding treatment, thus should 
be considered in patients with atypical manifestations.
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Additional file 1: Figure S1. A Scattered inflammation of both lungs and 
pleural effusion by chest CT scan. B PET-CT demonstrated enlargement of 
the spleen, mild increased FDG in the bone marrow and sinusitis.

Acknowledgements
Not applicable.

https://doi.org/10.1186/s40164-021-00229-y
https://doi.org/10.1186/s40164-021-00229-y


Page 4 of 4Ren et al. Exp Hematol Oncol           (2021) 10:38 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

of Hematology,  The First Affiliated Hospital, College of Medicine, Zhejiang 
University, Hangzhou 310003, Zhejiang, China. 3 Department of Pathol-
ogy, The First Affiliated Hospital, College of Medicine, Zhejiang University, 
Hangzhou 310003, China. 4 Department of Hematology and Hematopoietic 
Stem Cell Transplant Center, Zhejiang Provincial People’s Hospital, Hang-
zhou 310014, Zhejiang, China. 

Received: 18 April 2021   Accepted: 31 May 2021

References
 1. Esteban YM, de Jong JLO, Tesher MS. An overview of hemophagocytic 

lymphohistiocytosis. Pediatric Annals. 2017;46(8):e309–13.
 2. Seidel MG, Kindle G, Gathmann B, Quinti I, Buckland M, van Montfrans 

J, Scheible R, Rusch S, Gasteiger LM, Grimbacher B, et al. The European 
society for immunodeficiencies (ESID) registry working definitions for the 
clinical diagnosis of inborn errors of immunity. J Allergy Clin Immunol 
Pract. 2019;7(6):1763–70.

 3. Abolhassani H, Hammarstrom L, Cunningham-Rundles C. Current 
genetic landscape in common variable immune deficiency. Blood. 
2020;135(9):656–67.

 4. Lopez-Herrera G, Tampella G, Pan-Hammarstrom Q, Herholz P, Trujillo-Var-
gas CM, Phadwal K, Simon AK, Moutschen M, Etzioni A, Mory A, et al. Del-
eterious mutations in LRBA are associated with a syndrome of immune 
deficiency and autoimmunity. Am J Hum Genet. 2012;90(6):986–1001.

 5. Gamez-Diaz L, August D, Stepensky P, Revel-Vilk S, Seidel MG, Noriko M, 
Morio T, Worth AJJ, Blessing J, Van de Veerdonk F, et al. The extended 
phenotype of LPS-responsive beige-like anchor protein (LRBA) deficiency. 
J Allergy Clinic Immunol. 2016;137(1):223–30.

 6. Gamez-Diaz L, Sigmund EC, Reiser V, Vach W, Jung S, Grimbacher B. 
Rapid flow cytometry-based test for the diagnosis of lipopolysaccha-
ride responsive beige-like anchor (LRBA) deficiency. Front Immunol. 
2018;9:720.

 7. van Schouwenburg PA, Davenport EE, Kienzler AK, Marwah I, Wright B, 
Lucas M, Malinauskas T, Martin HC, Lockstone HE, et al. Application of 
whole genome and RNA sequencing to investigate the genomic land-
scape of common variable immunodeficiency disorders. Clin Immunol. 
2015;160(2):301–14.

 8. Macpherson ME, Halvorsen B, Yndestad A, Ueland T, Mollnes TE, Berge RK, 
Rashidi A, Otterdal K, Gregersen I, Kong XY, et al. Impaired HDL function 
amplifies systemic inflammation in common variable immunodeficiency. 
Sci Rep. 2019;9(1):9427.

 9. Li J, Jorgensen SF, Maggadottir SM, Bakay M, Warnatz K, Glessner J, 
Pandey R, Salzer U, Schmidt RE, Perez E, et al. Association of CLEC16A with 
human common variable immunodeficiency disorder and role in murine 
B cells. Nat Commun. 2015;6:6804.

 10. Mayor PC, Eng KH, Singel KL, Abrams SI, Odunsi K, Moysich KB, Fuleihan 
R, Garabedian E, Lugar P, Ochs HD, et al. Cancer in primary immuno-
deficiency diseases: cancer incidence in the United States immune 
deficiency network registry. J Allergy Clin Immunol. 2018;141(3):1028–35.

 11. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM, Bloom-
field CD, Cazzola M, Vardiman JW. The 2016 revision to the World Health 
Organization classification of myeloid neoplasms and acute leukemia. 
Blood. 2016;127(20):2391–405.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Whole exome sequencing reveals a novel LRBA mutation and clonal hematopoiesis in a common variable immunodeficiency patient presented with hemophagocytic lymphohistiocytosis
	Abstract 
	Acknowledgements
	References




