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Abstract
Background: Pediatric myelodysplastic syndromes (MDS) display clonal genomic 
instability that can lead to acquisition of other hematological disorders, usually by 
loss of heterozygosity. Immunodeficiency caused by uniparental disomy (UPD) has 
not previously been reported.
Methods: We investigated a 13‐year‐old boy who suffered from recurrent infections 
and pancytopenia for 1 year. Both the comet assay and chromosome breakage analy-
sis were normal, but the bone marrow showed evidence of dysplasia characteristic of 
MDS. With his normal sister as donor, he underwent failed hematopoietic stem cell 
transplantation (HSCT) with reduced intensity conditioning (RIC) followed by suc-
cessful HSCT with myeloablative conditioning (MAC). We used single nucleotide 
polymorphism (SNP) array, targeted gene panel, and whole exome sequencing to 
investigate the etiology of his disease.
Results: The molecular analyses revealed multiple regions of homozygosity, one 
region encompassing a homozygous missense variant of recombination activating 
gene 1 (RAG1) which was previously associated with severe immunodeficiency in 
infancy. This RAG1 mutation was heterozygous in the proband’s fingernail DNA, but 
was changed to homozygous in the proband’s marrow by somatic acquisition of UPD 
event. No other pathogenic driver mutation for MDS‐related genes was identified.
Conclusion: The hematological phenotype, somatic genomic instability, and response 
to HSCT MAC but not HSCT RIC deduced to a diagnosis of MDS type refractory 
cytopenia of children in this patient. His immunodeficiency was secondary to MDS 
due to somatic acquisition of homozygosity for known pathogenic RAG1 mutation.
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1  |   INTRODUCTION

Myelodysplastic syndromes (MDS:OMIM # 614,286) are 
a heterogeneous group of hematological conditions char-
acterized by abnormal differentiation and maturation of 
myeloid cells, bone marrow failure, and genetic instability 
with enhanced risk to transform to acute myeloid leuke-
mia (Greenberg et al., 2017). In children, MDS is rare and 
more related to inherited genetic bone marrow failure than 
adult MDS. Previous surveys have showed the incidence 
of inherited bone marrow failure is 1.8% in children with 
MDS, and 13.6% in children and young adult with MDS 
(Alabbas et al., 2016; Keel et al., 2016). It is sometimes 
difficult to diagnose the pediatric MDS in question, espe-
cially in the absence of typical clinical characteristics or 
definitive cytogenetic and/or molecular changes. Here, we 
used multiple genomic techniques including single nucle-
otide polymorphism (SNP) array, targeted gene panel se-
quencing, and whole exome sequencing to investigate the 
unusual coincidence of MDS and late‐onset immunodefi-
ciency in a 13‐year‐old product of a consanguineous mat-
ing. We integrated these molecular genetic analyses with 
detailed clinical phenotype and the patient’s response to 
treatments to conclude that MDS‐associated genomic in-
stability produced an acquired uniparental disomy (UPD) 
region that somatically reduced heterozygous pathogenic 
variant of recombination activating gene 1 (RAG1: OMIM# 
179,615; NM_000448.2) to homozygosity. This case report 
demonstrates that in addition to hematological disorders, 
MDS progression via somatic UPD can lead to a late‐onset 
immunological disorder.

2  |   MATERIAL AND METHODS

2.1  |  Ethical compliance
This study was performed in accordance with the Declaration 
of Helsinki and approved by the ethics committee of Capital 
Institute of Pediatrics. Written informed consent was ob-
tained from the patient’s parents for the publication of clini-
cal information and accompanying images.

2.2  |  SNP array analysis, targeted gene 
panel sequencing, and whole exome sequencing
Genomic DNAs were extracted from the blood or bone mar-
row using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, 
Germany) or from the fingernail using a standard Phenol/

Chloroform method. SNP chip (Affymetrix, CytoScan 750) 
was used to detect genomic copy number variants, UPD or 
loss of heterozygosity (LOH).

Two targeted gene sequencing panels (290 genes for con-
genital hematological disease and 202 genes for immunolog-
ical diseases, covering all exons and known intronic alleles 
with high coverage) were performed for DNA extracted from 
his bone marrow (Table S1) (Itan & Casanova, 2015; Keel et 
al., 2016; Muramatsu et al., 2017). Whole exome sequencing 
was performed only for DNA extracted from his fingernail 
after hematopoietic stem cell transplantation (HSCT) when 
his remained DNA from target sequencing is not enough 
and his parents refused to donate dermal fibroblasts. DNA 
were captured and amplified for either target genes or whole 
exome using a commercial enrichment kit (SureSelect, V6 
kit, Agilent Technologies Inc., Cedar Creek, TX), and se-
quenced by 100 bp paired‐end reads on the Illumina (Hiseq 
X10) platform (Illumina, San Diego, California). Raw image 
files were processed by the Illumina Pipeline for base calling 
using default parameters.

Raw data were mapped to the reference human genome 
version hg19 (200,902 release, http://genome.ucsc.edu/), and 
variants were visualized using NextGENe software version 
2.1.1.1 (SoftGenetics, State College, PA) and analyzed using 
Ingenuity Variant Analysis software (http://www.ingen​uity.
com). Single nucleotide variants (SNVs) with minor allele 
frequency (MAF) >1% in dbSNP (http://www.ncbi.nlm.nih.
gov/snp), the 1,000 Genomes dataset (http://brows​er.1000g​
enomes.org/index.html), or the NHLBI Exome Sequencing 
Project (http://evs.gs.washi​ngton.edu/EVS/) were not recog-
nized as rare SNVs. The Exome Aggregation Consortium 
database (ExAC, http://exac.broad​insti​tute.org) was used to 
confirm the novelty of rare SNVs.

2.3  |  Validation of the RAG1 mutation using 
Sanger and amplicon‐based deep sequencing
For Sanger sequencing, two unique Polymerase Chain 
Reaction (PCR) products (514 and 690bp) containing the 
RAG1 variant (Table S2) were amplified using standard 
touch‐down PCR. For amplicon‐based deep sequencing, 
two short unique amplicons (182 and 214bp) containing 
the RAG1 variant were generated and sequenced on an Ion 
Torrent Personal Genome Machine (Life Technologies, 
Carlsbad, CA) using our described method (Jiang et al., 
2017). Amplicon‐based deep sequencing was performed for 
both proband’s bone marrow and fingernail, or for family 
member’s blood.
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3  |   RESULTS

3.1  |  Clinical report
The proband was a 13‐year‐old boy who had suffered from 
severe and recurrent infections in multiple systems for one 
year, including pneumonia, stomatitis, perianal infection, 
bloodstream infection, septic shock, posthitis, and gingivitis. 
He was the product of the fourth pregnancy of first‐cousin 
parents whose previous pregnancies had produced two 
healthy girls and a hydatidiform mole. The proband received 
regular immunizations from birth without side effects or 
complications. No severe fever or infections occurred prior 
to age 12 years. At 11 years of age, he had a transcatheter clo-
sure operation for an atrial septal defect. No environmental 
risk factors, such as human immunodeficiency virus or drugs 
were recorded in his medical history but prior investigations 
from other hospitals showed positivity for Epstein‐Barr virus, 
cytomegalovirus, and Pseudomonas aeruginosa.

Physical examination confirmed short stature (weight was 
24 kg and height was 123 cm, both <3rd percentile for boys 
of his age), pallor and mild hepatosplenomegaly. According 
to the patient’s medical record and parental recall, he had a 
normal neurodevelopmental trajectory and learned normally 
in school. An special finger morphology was noted (Figure 
S1). No other skeletal or organ malformations/dysmorphisms 
were found. Routine blood tests revealed pancytopenia, 
with neutropenia and lymphocytopenia being particularly 
severe (neutrophils: 0.07–0.13  ×  109/L, lymphocytes: 0.1–
1.0  ×  109/L, hemoglobin: 80–105  g/L, and platelet count: 
49–150 × 109/L). Rheumatoid factor, Coomb’s test, anti‐car-
diolipin antibody, antinuclear antibody, and double‐stranded 
DNA were all negative. The absolute numbers of T cells, B 
cells, and NK cells, and the subsets of T cells (CD4+, CD8+) 
were extremely low (Table 1). Immunological function test-
ing was normal except for Ig A (IgA:0.2g/L, IgM:1.12g/L, 
IgG:9.35g/L, IgG1:14g/L, IgG2:2.8g/L, IgG3:0.153g/L, 
IgG4:0.115g/L). Bone marrow morphology showed dys-
plastic abnormalities without excessive blast cells but with 
hypoplasia of the granulocyte series (16% granulocyte lin-
eage) (Figure 1). Flow cytometry detected abnormal bone 
marrow granulocyte differentiation (CD13+/CD16+, CD34+/
CD117+) and increased myeloid precursor cells with abnor-
mal expression of CD34+/CD117+/CD13+/CD33+/CD38+ 
(Figure 2). The percentage of erythroid cells and granulocytes 
in peripheral blood expressing CD55+and CD59+ was nor-
mal. The karyotyping analysis of bone marrow was normal. 
A comet assay and chromosome breakage analysis were per-
formed on peripheral blood lymphocytes during his 1st hos-
pitalization and recorded as normal. In summary, his clinical 

T A B L E  1   Lymphocyte subsets in the patient’s peripheral blood 
samples

Type of lymphocytes
Absolute value 
(×109/L)

Normal ranges 
(×109/L)

T cell/ CD3+ 0.26 1.57–3.72

CD4+ T cell/CD4+ 0.1 0.391–1.421

CD8+T cell/CD8+ 0.08 0.366–1.091

B cell/CD19+ 0.0066 0.141–0.534

NK cell/CD16+/CD56+ 0.05 0.121–1.064

F I G U R E  1   Bone marrow aspiration 
smear of the patient (Wright‐Giemsa stain). 
Panel a shows granulocyte series hypoplasia 
with slightly increasing proportion of 
myeloblasts and neutrophilic promyelocyte 
and scarity of bands and segmented 
neutrophils. Panels b, c and d show 
abnormal promyelocyte with immature 
nuclear and aging cytoplasm (arrowhead). 
The promyelocyte in Panel c is binuclear 
(arrowhead). Bone marrow aspiration 
smear showed the percentages of different 
lineage: 2% myeloblasts, 5% promyelocytes, 
6.5% myelocytes, 1.5% metamyelocytes, 
0.5% bands, 1% segmented neutrophils, 
47.5% lymphocytes, 0.5% normoblasts, 6% 
rubricytes, 22.5% metarubricytes, and 2.5% 
monocytes

(a) (b)

(c) (d)
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manifestations were highly suggestive of immunodeficiency 
of late‐onset since his severe lymphocytopenia occurred in 
the absence of any recurrent fever or severe infections prior 
to age 12. Meanwhile, both morphology and flow cytometry 

analysis of the bone marrow showed evidence of dysplasia, 
which is an important characteristic of MDS.

The patient underwent salvage HSCT due to uncon-
trolled infections. No matched unrelated donor was found, 

F I G U R E  2   Immunophenotyping of patient’s bone marrow sample by flow cytometry. Panel a shows a global overview of bone marrow 
cellular compartments projected on SSC graphs, including lymphocyte (green, 25.0%), monocyte (purple, 15.1%), granulocyte (blue, 14.4%), 
eosinophil (light blue, 8.0%), blast cell or pre‐B cell (red, 4.7%) and erythroblast (gray, 32.8%). The myeloid cells had reduced CD45 and SSC 
expression (Panel b), and also lacked the expression of CD10, CD11b and CD16 (Panels c, d, e). The myeloid cells expressing CD13+/CD16+ 
showed an abnormal distribution pattern, indicating irregular myeloid differentiation (Panel e). The myeloblasts with expression of CD34 and 
CD117 (CD34+/CD117+) accounted for approximate 1% of all the nucleated cells observed, indicating a slight increase of the ratio (Panel f). 
The monocytes accounted for approximate 15.1% of all the nucleated cells indicative of an increase of the ratio and did not express significant 
abnormality (Panel g). The fluorochrome‐conjugated monoclonal antibodies (PerCP, FITC, PE‐Cy7, PE, APC‐Cy7 and APC) were used to stain the 
following antigens: HLA‐DR, CD2, CD3, CD4, CD5, CD7, CD8, CD10, CD11b, CD13, CD14, CD15, CD16, CD19, CD20, CD22, CD33, CD34, 
CD38, CD56, CD64, CD71, CD117, Kappa, Lambda, MPO, TdT, cCD3, cIgM and CD45
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so his healthy eldest sister, who had a normal karyotype, 
was chosen to be his human leukocyte antigen (HLA)‐hap-
loidentical donor. We performed a physical examination, 
bone marrow aspiration, SNP array analysis and genetic 
counselling for his sister. Her evaluation indicated a nor-
mal, healthy donor. In view of his severe immunodefi-
ciency, we chose a reduced intensity conditioning (RIC) 
regimen including cyclophosphamide (CTX) 140  mg/kg, 
cytarabine 4 g/m2, fludarabine 150 mg/m2, and rabbit anti‐
human thymocyte globulin (ATG) 10 mg/kg. Prophylaxis 
for Graft versus Host Disease (GvHD) included mycophe-
nolate mofetil, tacrolimus and short course methotrexate. 
The number of infused mononuclear cells and CD34+ 
cells were 13.23 × 108/kg and 2.86 × 106/kg, respectively. 
Unfortunately, the first transplantation ended with graft 
failure. Then, the patient underwent a second HSCT from 
the same donor. This time a myeloablative conditioning 
regimen (MAC) including cytarabine 4  g/m2, busulfan 
12 mg/kg, CTX 3.6 g/m2, and semustine 250 mg/m2 was 
pursued. He had delayed neutrophil and platelet engraft-
ment (Day + 29 and Day + 30, respectively), and mixed 
chimerism with 50% donor cells on Day + 30. After four 
infusions of donor Granulocyte Colony Stimulating Factor 
(G‐CSF) stimulated lymphocytes, the patient has achieved 
sustained complete donor chimerism for nearly 3 years and 
returned to normal (hemoglobin:13.8 g/dl; platelet count: 
119,000/µl; white blood cell count: 7200/µl; neutrophil 
count: 4400/µl; lymphocyte count: 2100/µl).

3.2  |  Genetic analysis
SNP array analysis permits a genome‐wide assessment of 
large regions of homozygosity (ROH), which can result 
from three potential causes: (a) identity by descent (IBD) 
in a consanguineous family; (b) constitutional UPD due 
to a meiotic mistake in the germline or to an early mi-
totic error after fertilization; and (c) somatically acquired 
UPD (aUPD) in deleterious cancer cells (Makishima & 
Maciejewski, 2011). Extensive genome‐wide ROH implies 
consanguinity or aUPD in malignancy while ROH limited 
to a single chromosome or region implies a meiotic/mi-
totic mistake in a germ/zygote cell, so information such 
as pedigree analysis, disease history and onset age can be 
useful in distinguishing different sources of ROH. For ex-
ample, ROH due to consanguinity or meiotic mistakes in 
germ cells often produce disease at birth or early in life 
while aUPD is most often seen at an older age or along 
with cancer progression. The SNP array analysis from the 
proband’s bone marrow before HSCT detected extensive 
ROH (369Mb/2850Mb = 12.9%) throughout the autosomes 
(1p, 1q, 2p, 3q, 4p, 4q, 6p, 7q, 8q, 9p, 9q, 11p, 11q, 12q, 
and 13q) Table 2) (Gondek et al., 2008). No pathogenic 
copy number variant was identified. Since the proband was 
the product of a consanguineous mating, we presumed that 
the extensive ROH represented IBD and therefore initially 
sought an MDS‐associated mutation in these regions by 
targeted gene panel sequencing.

Mean sequence coverage across the targeted gene 
panel was 300×. No potentially pathogenic variant in any 
known inherited hematological disease gene was seen, 
except a homozygous missense mutation (rs199474676, 
chr11:36,596,949, C>T, c.2095C>T, p. Arg699Trp, 
R699W, UCSC version hg19) in exon 2 of RAG1 
(Recombination activating gene 1, NM_000448.2). No 
pathogenic mutation for RPS genes of Diamond‐Blackfan 
anemia (RPS10, PRS17, RPS19, RPS24, RPS26, RPS7, 
RPL5, RPL11, RPL35a) was detected. The R699W muta-
tion of RAG1 is a very low‐MAF variant (T = 0.00002). 
This variant is absent in the ExAC Asian population 
(exac.broadinstitute.org/), and is predicted to be dele-
terious by two widely‐used analysis software programs 
(SIFT  =  0.00, PolyPhen  =  0.99). It has been reported 
previously as causing with severe combined immunode-
ficiency (SCID) or Omenn syndrome (OS) in Western 
and Chinese patients (Avila et al., 2010; Lee et al., 2014; 
Reiff et al., 2013; Zhang et al., 2011). According to the 
standards and guidelines for the interpretation of se-
quence variants from the American College of Medical 
Genetics (Richards et al., 2015), this variant was classi-
fied as pathogenic (PS1 + PM2+PM3 + PP3+PP4). The 
proband’s parents and donor sister were all heterozygous 
carriers of this variant (Figure 3). Mean coverage across 

T A B L E  2   ROH regions and copy number variant (CNV) in the 
patient identified from SNP chip

Chromosome 
abnormalities Size (kb) Significance

ROH (1p35.2‐pter) 30,576 These regions are as-
sociated with hema-
tologic malignancies

ROH (6p22.3‐p21.2) 20,445

ROH (11p15.3‐p11.12) 39,506

ROH (11q11‐q24.2) 70,522

ROH (12q14.1‐q23.1) 38,426

ROH (3q25.2‐q27.1) 30,577 These regions are 
possibly associated 
with hematologic 
malignancies

ROH (7q11.21‐q31.32) 58,588

ROH (13q33.1‐qter) 13,391

Gain (14q32.33) 634 CNV polymorphism

ROH (1q32.1‐q32.2) 6,655 Significance of 
the variations are 
unknown

ROH (2p23.3‐p22.3) 5,796

ROH (2p25.3‐p25.1) 6,277

ROH (4p16.3‐p16.1) 5,166

ROH (4q13.3‐q21.23) 13,119

ROH (8q24.22‐q24.23) 8,055

ROH (9p21.3‐p13.1) 16,999

ROH (9q21.11‐q21.13) 5,802
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whole exome sequencing was generally 100× with 97% 
achieving > 20× coverage. Some candidate genetic vari-
ants were chosen for Sanger sequencing and inheritance 
analysis in family members. Like the results of the tar-
geted gene panel, no pathogenic variant except the het-
erozygous RAG1 mutation was seen in the whole exome 
sequencing that could explain the proband’s pancytope-
nia, bone marrow failure, or short stature. None of any 
pathogenic mutation in series of RPS genes was identified 
from this exome sequencing.

Sanger sequencing of DNA from the proband's bone 
marrow and blood confirmed homozygosity for the RAG1 
mutation. Surprisingly, his nail sample showed it to be het-
erozygous, suggesting that the ROH in the bone marrow 
encompassing RAG1 might not be due to consanguinity as 
initially assumed. To confirm the nail DNA result, we again 
designed two independent sets of PCR primers and used 
amplicon‐based deep sequencing to call the precise allelic 
ratio at the mutant site. The deep sequencing revealed the 
clear heterozygosity for the RAG1 mutation in the proband’s 
fingernail DNA (Figure 4). The real‐time PCR further con-
firmed two copies of mutant RAG1 in this sample (Figure 
S2). Heterozygosity in the nail DNA versus homozygosity 
in the bone marrow DNA suggested that the ROH harboring 
mutant RAG1 in the bone marrow was somatically acquired 
via a UPD event.

4  |   DISCUSSION

Mutations in RAG1 can cause immunodeficiency with an 
autosomal recessive inheritance pattern (OMIM 603,554), 
appearing early in life, resulting in increased susceptibility 
to severe infections and leading to early death unless treated 
by HSCT. Infants with these disorders typically experience 
pneumonia and chronic diarrhea beginning as neonates. Most 
patients are diagnosed before 6 months of age due to severe 
or persistent infection and generally survive only until age 1 
or 2 (Kalman et al., 2004). Vaccination with live attenuated 
vaccines, such as oral poliovirus vaccine, smallpox, tuber-
culosis, measles, mumps, rubella, varicella, and typhoid can 
cause fatal infections and should be avoided (Kalman et al., 
2004). Late‐onset (atypical) severe immunodeficiency caused 
by hypomorphic RAG1 mutation has been described previ-
ously (Patiroglu et al., 2014; Schuetz et al., 2008; Sharapova 
et al., 2013). Compared with classic SCID, late‐onset immu-
nodeficiency usually has a milder clinical course and delayed 
presentation and retention of a partially functioning B‐lym-
phocyte lineage with continued capacity for antibody produc-
tion has been reported (Patiroglu et al., 2014). In addition, 
these cases lack severe life‐threatening infections while gran-
uloma formation and autoimmunity are common symptoms 
(Rossi et al., 2004).

The patient in this study presented with late‐onset immu-
nodeficiency for 1 year and suspected MDS. We performed 
SNP array analysis and targeted gene panel sequencing for his 
bone marrow/blood to identify the fundamental etiology of 
MDS and immunodeficiency. A homozygous RAG1 mutation 
detected in his bone marrow and blood reasonably explained 
the immunodeficiency, but two important issues remained. 
First, after retrieval of the detailed clinical information for 
all carriers of the R699W mutation in the literature (Avila et 
al., 2010; Lee et al., 2011, 2014; Reiff et al., 2013; Zhang et 
al., 2011), we found that all suffered definitive or severe but 
early‐onset immunodeficiency or autoimmune symptoms in 
infancy. In contrast, our patient was a 13‐year‐old boy with-
out either severe infections or autoimmune history in infancy. 
He did not overreact to any vaccination. The extraordinary 
late onset of his immunodeficiency made us question why 
the apparent homozygosity for the RAG1 mutation had not 
caused a penetrant immunodeficiency phenotype in infancy. 
Second, we performed an HLA‐haploidentical transplanta-
tion. In general, a successful engraftment of HSCT depends 
on HLA matching, transfused CD34+ cell count, the level of 
donor‐specific HLA antibodies and the condition regimen. 
The number of infused CD34+ cells from donor bone mar-
row was over the lower threshold required for engraftment, 
and donor‐specific HLA antibodies were absent, yet the RIC 
HSCT failed for this patient. Instead, MAC HSCT success-
fully treated his dysplasia. Allogeneic HSCT with MAC regi-
men is nearly the only treatment option with realistic curative 
potential for MDS, especially for children and adolescents, 
so his successful cure by MAC HSCT suggested a diagnosis 
of MDS in this patient.

All the above phenomena including late onset of immu-
nodeficiency, persistent hematological abnormality, bone 
marrow morphology, MDS‐associated ROH, initial failed 
HSCT, and subsequent success MAC HSCT prompted us 
to consider a causal relationship between MDS and late‐
onset immunodeficiency in this patient. We suspected 
that the homozygous RAG1 mutation of his bone marrow 
sample might have been due to acquired UPD resulting 
from the genomic instability seen in MDS rather than from 
constitutional IBD. Consequently, we chose his fingernail 
as the matched sample, and performed Sanger and deep 
sequencing for the mutated RAG1 allele. The heterozygous 
mutation status in his nail confirmed that his immunode-
ficiency was acquired due to a somatic event, which ex-
plained why he had no history of recurrent infection before 
12 years of age. Although we failed to identify the driver 
mutation explaining the patient’s pancytopenia, his symp-
tom evolution, bone marrow phenotypes, and responses to 
treatment allowed us to make a diagnosis according to the 
updated international criteria of MDS type refractory cy-
topenia of children (RCC), based upon the following lines 
of evidence (Greenberg et al., 2017): constant cytopenia, 
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dysplastic abnormalities 16% in the granulocyte lineage 
and somatic regional chromosomal change.

Hematological disorders occurring due to MDS progres-
sion, such as acquired thalassemia (Brunner & Steensma, 
2016), acquired Bernard–Soulier‐like platelet dysfunction 
have been previously reported (Frigeni & Galli, 2014). Our 
case demonstrates that an acquired immunological disorder, 
in addition to the known hematological disorders, can also 

be seen in a subject with MDS. In this instance, a somatic 
UPD event reducing a known SCID‐causing RAG1 mutation 
to homozygosity provides a reasonable explanation for the 
acquired immunodeficiency. Notably, most of the acquired 
hematological disorders reported previously arose from ac-
quired LOH rather than from aUPD in patients with MDS 
(Frigeni & Galli, 2014). Recently, somatically acquired 
UPD has been recognized in cancer as an important and 

F I G U R E  3   Sequencing of RAG1 from patient's bone marrow and nail sample, his family member's samples (blood or bone marrow). The 
upper panel presents the targeted gene panel sequencing data for the patient’s bone marrow in the Integrative Genomics Viewer. The sequencing 
coverage of this allele was at 700×. The text column in red shows the homozygous mutation (c.2095C>T, p.R699W) in exon 2 of RAG1. The 
bottom panels show the Sanger sequencing data of this RAG1 mutation in the indicated samples from the patient and family members
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common mechanism by which adventitious mutations are 
amplified, leading to a growth advantage of these mutant 
cells (Makishima & Maciejewski, 2011). This mechanism is 
particularly common in both hematologic and solid tumors. 
The most well‐known example of aUPD involved in hemato-
logic malignancies is UPD9p, which led to the identification 
of the JAK2 V617F mutation in myeloproliferative disorders 
(Kralovics et al., 2005). Other homozygous mutations such as 
in WT1, FLT3, CEBPA, and RUNX1 by aUPD have also been 
reported (Fitzgibbon et al., 2005). Our report suggests that 
aUPD can have pathogenic effects similar to LOH in hema-
tological disorders. In addition, since blood is the most read-
ily available and commonly used sample for genetic testing, 
especially for hematological diseases where it can directly 

reflect causative changes, our report also emphasizes that cli-
nicians should consider and confirm a mutation’s origin as a 
germline or somatic when a seemingly hereditary hematolog-
ical disease presents with a late‐onset.
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