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  The IKZF1 gene encodes a member of the family of 
hematopoietic zinc finger transcription factors, namely, 
IKAROS, which is involved in gene expression via chromatin 
remodeling. IKAROS plays a critical role in controlling 
hematopoiesis, particularly lymphoid cell differentiation, 
proliferation, and function. It is broadly expressed in 
hematopoietic cells [1].

  We report the case of a 24-year-old woman who was the 
daughter of unrelated healthy parents of Chinese origin. She 
was previously a healthy child. At age 14 years, she had acute 
perforated appendicitis and a right ovarian cyst. Postoperative 
histopathology revealed gangrenous appendicitis and a 
benign cystic lesion of the right ovary. She had 2 episodes 
of pneumonia at 19 and 22 years, and both episodes required 
hospitalization. At age 22 years, the patient also had her spleen 
removed and underwent distal pancreatectomy because of 
a solid pseudopapillary tumor. She experienced occasional 
skin infections. In August 2016, she was hospitalized with a 
2-month history of fever and was diagnosed with Enterococcus 
gallinarum sepsis. E gallinarum was repeatedly cultured from 
blood and cerebrospinal fluid. Laboratory tests disclosed the 
following results: white blood cells, 7.19 × 109/L (neutrophils, 
55.9%; eosinophils, 0.1%; basophils, 0.3%; monocytes, 
7.4%; and lymphocytes, 36.3%); hemoglobin, 109 g/L; and 
platelets, 533 × 109/mL. Liver function remained normal. 
T-spot, CMV/EBV antibody, and DNA were negative. Testing 
for ANA was positive. Immunologic examination revealed 
decreased serum IgG levels (2.07 g/L [normal range, 7-16]), 
low serum IgA (0.36 g/L [0.7-4]), and low serum IgM levels 
(<0.17 g/L [0.4-2.3]). Lymphocytes subsets were as follows: 
CD3, 91.71% (55%-84%); CD4, 24.55% (31%-60%); CD8, 
65.44%(13%-41%); CD4/CD8, 0.38; CD19, 0.24% (6%-
25%); NK, 7.17% (5%-27%). The results of testing for 
complement and dihydrorhodamine were normal. The patient 
was discharged after appropriate therapy with linezolid/
daptomycin/ampicillin and immunoglobulin replacement 
therapy. Based on her abnormal immunologic results, we 
performed whole exome sequencing (WES). The molecular 
analysis revealed heterozygous c.500A>G, an H167R mutation 
in exon 5 of the IKZF1 gene. Her parents’ genes had no 
mutation at this locus, thus indicating a de novo mutation. 
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Table. Mutations in IKZF1

Family Location Domain Onset Age Nucleotide Substitutions Amino Acid Substitution Ref.

A exon5 ZF2 19 y c.500A>G P.H167R -
B exon5 ZF2 9 mo c.476A>G P.N159S 2
C exon5 ZF2 9 y c.485G>T P.R162L 3
C exon5 ZF2 3 y c.485G>T P.R162L 3
D exon5 ZF2 3 y c.485G>A P.R162Q 3
D exon5 ZF2 1 y c.485G>A P.R162Q 3
D exon5 ZF2 12 y c.485G>A P.R162Q 3
D exon5 ZF2 6 y c.485G>A P.R162Q 3
D exon5 ZF2 10 y c.485G>A P.R162Q 3
D exon5 ZF2 43 y c.485G>A P.R162Q 3
D exon5 ZF2 3 y c.485G>A P.R162Q 3
E exon5 ZF2 30 y c.500A>G P.H167R 3
E exon5 ZF2 13 y c.500A>G P.H167R 3
E exon5 ZF2 4 y c.500A>G P.H167R 3
F exon5 ZF3 - c.551G>A P.R184Q 3
F exon5 ZF3 9 y c.551G>A P.R184Q 3
G - - 3 y c.1618388_589+2308del Deletion of ZF1,2,3 3
G - - - c.1618388_589+2308del Deletion of ZF1,2,3 3
H - - 57 y 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - 29 y 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - 21 y 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - 22 y 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - 31 y 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - 19 y 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - - 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - - 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - - 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - - 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - - 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - 5 y 7p12.3-p12.1 deletion Deletion of Ikaros 3
H - - - 7p12.3-p12.1 deletion Deletion of Ikaros 3
I exon5 ZF2 5 y c.439T>C P.C147R 4
J exon5 ZF2 2 mo c.476A>G P.N159S 4
K exon5 ZF2 10 y c.484C>T P.R162W 4
K exon5 ZF2 12 y c.484C>T P.R162W 4
K exon5 ZF2 10 y c.484C>T P.R162W 4
L exon5 ZF2 - c.485G>A P.R162Q 4
L exon5 ZF2 20 y c.485G>A P.R162Q 4
L exon5 ZF2 6 y c.485G>A P.R162Q 4
M - - - c.589+1G>A Deletion of ZF2,3,4 4
M - - 3 y c.589+1G>A Deletion of ZF2,3,4 4
N exon6 ZF4 0 mo c.629A>G P.Y210C 4
N exon6 ZF4 - c.629A>G P.Y210C 4
O exon6 ZF4 0 mo c.629A>G P.Y210C 5
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After discharge, the patient continued antibiotic therapy and 
started intravenous immunoglobulin owing to continuous low 
serum immunoglobulin. Her condition improved.

  Most patients with a heterozygous mutation in IKAROS 
have B-cell deficiency. Mutations are localized within the 
DNA binding domain (with mutations in exons 4-6). In 
vitro characterization of the mutated alleles reveals that the 
mutations are loss-of-function, since they are unable to bind 
DNA, thus leading to diffused nuclear localization of IKAROS. 
To our knowledge, including the case we report, there are 15 
families affected, making a total of 44 patients worldwide 
[2-5]. Age at onset ranges from neonate to the sixth decade 
of life, with a mean age at onset of 13 years. IKZF1-deficient 
patients are characterized by a phenotype with a prominent 
decrease in all types of serum immunoglobulin, a lack of 
peripheral B lymphocyte/NK, and a reversal of the CD4/CD8 
ratio. In a cohort of 29 patients, Kuehn et al [3] reported that 
the clinical manifestations of IKZF1 deficiency were recurrent 
respiratory infection, autoimmune disease, sepsis, B-cell acute 
lymphoblastic leukemia, and infection of the central nervous 
system. More recently, Yoshida et al [2] reported the first case 
of a patient with severe immunodeficiency that progressed to 
T-cell acute lymphoblastic leukemia resembling the IKAROS-
plastic mice model [6]. Furthermore, Hoshino et al [4] and 
Goldman et al [5] reported a same mutated allele, c.629A>G, 
leading to Y210C. Both patients had pancytopenia, with onset 
at a very early age, suggesting a critical role for IKAROS in 
both human hematopoiesis and immune development. Of note, 
2 of the 29 germline-mutated patients in the report by Kuehn 
et al progressed to B-cell leukemia. It is well recognized that 
both germline and somatic changes in IKZF1 can lead to 
leukemia, especially B-cell acute lymphoblastic leukemia. 
Nevertheless, somatic IKZF1 deletions are considered to 
cause more cases of B-cell acute lymphoblastic leukemia than 
single-nucleotide polymorphisms in IKZF1 do [7]. A selected 
group of patients presented with mild manifestations and 
only abnormal antibody levels and decreased B-cell counts. 
Notably, most asymptomatic individuals harbor the deletion 
of N-terminal zinc fingers (ZF) instead of point mutations. 
The asymptomatic state of these individuals might be partially 
explained by the compensation of the other proteins from the 
IKAROS family and an absence of the dominant-negative 
effect. Among the mutated IKZF1 genes (Table), p.R162 was 
frequently mutated, suggesting a “hot spot” mutation. The 
affected domains are ZF 2-4, with no mutations in ZF 5-6 
having been reported.

We report the first Chinese patient with a mutated IKZF1 
gene studied by WES. The mutant gene c.500A>G has 
previously been reported in 3 patients [3]. The similarities 
between these patients include late onset and a tendency to 
have severe infections (central nervous system infection and 
sepsis). Although the patient we report has not manifested 
autoimmune disease to date, her ANA result was positive, thus 
indicating an autoimmune disease. Interestingly, she had a solid 
pseudopapillary pancreas tumor, in contrast with the highly 
common hematological tumor. As Yang et al reported [8], 
IKAROS was also involved in solid tumors. The immunologic 
phenotype of the patient we report is consistent with findings 
in previously reported cases, as well as a significant decrease 

in B-cell counts and hypogammaglobulinemia. As with 
other primary antibody immunodeficiency diseases, the 
treatment of the IKAROS-deficient patients includes mainly 
immunoglobulin replacement therapy. The condition of the 
patient we report remains stable on periodic intravenous 
immunoglobulin.  

  New techniques have significant benefits for the 
diagnosis of primary immunodeficiency. Next-generation 
sequencing of patients previously diagnosed with common 
variable immunodeficiency has shown different primary 
immunodeficiency gene defects involving NFKB1, STAT3, 
CTLA4, PIK3CD, and IKZF1, as well as biallelic mutations 
in LRBA and STXBP2. Thus, WES combined with analysis of 
genes associated with primary immunodeficiency is a cost-
effective approach for identification of pathogenic mutations 
in common variable immunodeficiency patients [9]. We 
recommend WES in female patients with B-cell defects and 
atypical manifestations. 
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The prevalence of allergy to seeds is highly influenced by 
the geographical area and eating habits. In Spain, according to 
data from Alergologica 2015 [1], allergy to tree nuts and seeds 
accounts for 28.4% of all cases of food allergy. 

Flaxseed is the seed of the plant Linum usitatissimum. It 
is consumed as a nutritional supplement because it is rich in 
dietary fiber, polyunsaturated fatty acids, and lignans. 

Flaxseed has rarely been reported to be a sensitizer [2], and 
there are few reports of anaphylaxis caused by flaxseed in the 
literature [3-6]. However, it is an increasingly common source 
of allergens as a result of its use in diets for its nutritional 
benefits and anticancer properties. 

Flaxseed contains many potential allergens. The storage 
protein content ranges from 10% to 37%, and has been reported 
to be as high as 20%-42% for conlinin (the low-molecular-
mass fraction [2S]) and 58%-66% for linin (the major protein 
fraction [12S]) [7]. A 56-kDa IgE-binding protein reported in 
1 case [5] is thought to correspond to malate dehydrogenase-1. 
Other authors have recently suggested that the lipid transfer 
protein (LTP) was the relevant allergen in a case of flaxseed 
anaphylaxis [8].

We present 2 cases of flaxseed-induced anaphylaxis. 
Patient 1 was a 46-year-old white woman with a personal 
history of bronchial asthma and rhinoconjunctivitis who 
presented with pharyngeal pruritus, lingual and palpebral 
angioedema, dyspnea, and profuse diarrhea immediately after 
eating multicereal biscuits (oat, rice, flaxseeds, egg, almonds, 
and raisins). Patient 2 was a 64-year-old white woman with a 
personal history of breast cancer, allergy to ceftriaxone, and 
allergic rhinoconjunctivitis due to pollens and pet dander. 
She presented palmoplantar itching, generalized urticaria, lip 
angioedema, and throat tightness immediately after eating a 


