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Dear Editor,

Warts, hypogammaglobulinemia, infections, and myelokathexis 

(WHIM) syndrome is a rare, autosomal dominant, primary im-

munodeficiency disorder [1], with only 65 cases reported world-

wide [2]. This disorder is caused by a gain-of-function mutation 

in CXCR4, which, along with its ligand CXCL12 (stromal cell-de-

rived factor 1 [SDF-1]), plays a role in retention of mature neu-

trophils in the bone marrow (BM) [3]. Here we describe a Ko-

rean child with WHIM syndrome who had a novel CXCR4 muta-

tion. To the best of our knowledge, this is the first report of WHIM 

syndrome in Korea.

A Korean male was born at full term (3.9 kg) without perinatal 

problems. There was no family history of susceptibility to infec-

tion or neutropenia. At one month of age, he was brought to the 

Department of Plastic Surgery for correction of cleft lip, and com-

plete blood count (CBC) revealed white blood cell counts of 2.09 

×109/L (absolute neutrophil count [ANC] 0/L), hemoglobin 99 

g/L, and platelets 313×109/L. Differential count showed 98% 

lymphocytes and 2% monocytes, with absence of neutrophils 

on the peripheral blood smear. The surgery was postponed, and 

he was referred to a pediatric hematology specialist. At one year 

and five months of age, he visited the emergency department 

because of a right inguinal hernia; ANC was 0.06×109/L, and 

the surgery was performed successfully after administration of 

granulocyte-colony stimulating factor (G-CSF) (Fig. 1). At one 

year and eight months of age, BM examination showed a hyper-

cellular BM with mild granulocytic hyperplasia (myeloid:erythroid 

ratio, 7:1) and right-shifted maturation. He was hospitalized for 

pneumonia and acute gastroenteritis at two years and six months 

of age. At two years and eight months of age, BM re-examina-

tion revealed plentiful granulopoietic cells with right-shifted mat-

uration, and neutrophils showed characteristics of dysplasia such 

as pyknotic lobes with long filaments. Multifocal collections of 

mature neutrophils (myelokathexis) were observed in a BM sec-

tion (Fig. 2A-I). The IgG level was decreased to 2.82 g/L (refer-

ence range: 7.0–17.0 g/L), IgA level was 0.19 g/L (0.9–4.0 g/L), 

and IgM level was 0.59 g/L (0.45–2.3 g/L), but warts were ab-

sent. Sanger sequencing of CXCR4 from BM aspirates revealed 

the novel sequence variant c.966_967delAG (p.Gly323Valfs*20) 

(Fig. 2J). Although he had no definite warts, the collective evi-

dence of hypogammaglobulinemia, myelokathexis, multiple his-

tories of infections, and CXCR4 mutation confirmed the diagno-

sis of WHIM syndrome. 

Congenital neutropenia involving mutation of ELANE, CSF3R, 
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WAS, and HAX1 is characterized by maturation arrest of granu-

locytic-series cells [4]. In contrast to maturation arrest, CXCR4 

mutation causes retention of mature neutrophils in the BM, re-

sulting in peripheral neutropenia. The fate of retained neutro-

phils due to enhanced CXCR4 activity delays the release of ma-

ture neutrophils from the BM, resulting in neutropenia and se-

nescence with apoptosis of mature neutrophils retained in the 

BM [5]. Since CXCR4 signaling also regulates the expression of 

CD20 on B cells, consequential hypogammaglobulinemia devel-

ops in WHIM [6].

The variant found in this case, c.966_967delAG (p.Gly323Valfs 

*20), is a novel pathogenic variant. The most common CXCR4 

mutation among WHIM syndrome patients is p.Arg334*, and 

other reported mutations are p.Gly336*, p.Ser338*, p.Glu343*, 

p.Ser339fs, p.Lys329fs, and p.Ser324fs (the mutation most sim-

ilar to that in our case) [3, 7]. CXCR4 has an extracellular N-ter-

minus encoding transmembrane helices, and a C-terminus en-

coding the cytoplasmic portion. The disulfide bond in the N-ter-

minus is essential for CXCL12 binding, and G-CSF induces cleav-

age of the N-terminus of CXCR4 on hematopoietic stem cells, 

reducing the retention of hematopoietic cells in the BM [8]. All 

of the CXCR4 mutations associated with WHIM syndrome reside 

in the C-terminus, resulting in truncation of the C-terminal do-

main of the protein, with persistent CXCR4 activation and BM 

myeloid cell trafficking [1]. Immunohistochemical staining of a 

BM section with anti-CXCR4 antibody showed absence of CXCR4 

surface protein owing to truncation of the CXCR4 C-terminal pro-

portion in this patient (Fig. 2H). Somatic mutations in CXCR4 

were identified in 30% of Waldenström macroglobulinemia (WM) 

patients, in whom the locations of somatic mutations are similar 

to those in WHIM syndrome [9]. Although the most well-known 

cause of WHIM syndrome is CXCR4 mutation, WHIM patients 

without CXCR4 mutation showing hyperresponsiveness to CXCL12 

have been reported [10].

Among the 37 WHIM syndrome patients, the frequency of 

warts, hypogammaglobulinemia, and neutropenia as a first pre-

sentation was 78.6%, 89.6%, and 91.7%, respectively [3]. Con-

sidering that patients with WHIM syndrome typically present nu-

merous warts on the hands, feet, and trunk, with variable age at 

diagnosis, the current patient is atypical in that he had no warts 

and the initial BM features showed no apparent dysplastic neu-

trophils and myelokathexis. More to the point, these atypical fea-

tures can lead to missing the diagnosis. In this case, we performed 

the follow-up BM examination and CXCR4 sequencing and fi-

nally diagnosed a WHIM syndrome with a novel CXCR4 muta-

tion. To avoid missing the diagnosis, suspicion of WHIM is im-

portant and follow-up BM examination should be considered.
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Fig. 2. Results of bone marrow examination and Sanger sequencing of the CXCR4 gene. (A–F) Neutrophils with pyknotic nuclei, lobes sep-
arated by long strands of chromatin, and cytoplasmic vacuoles were observed (Wright Giemsa stain, ×1,000); (G) Marrow with hypercellu-
larity and multifocal collections of mature neutrophils were observed (hematoxylin and eosin stain, ×200); (H) Anti-CXCR4 immunohisto-
chemical stain showed an absence of CXCR4 surface protein; (I) A mouse spleen section was stained as a positive control for anti-CXCR4 
stain (×400; Ab1670, Abcam, Cambridge, UK); (J) Chromatogram was obtained from Sanger sequencing of the CXCR4 gene (reference 
sequence: NM_003467.2). Reverse sequence reading from the 3ʹ end revealed the c.966_967delAG frameshift variant. Designation was 
based on the 3ʹ rule that the most 3ʹ position possible of the reference sequence is arbitrarily assigned to have been changed.
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