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Clonal patterns of X-chromosome inactivation in
peripheral blood cells of female patients with
chronic idiopathic neutropenia

Chronic idiopathic neutropenia (CIN) is an acquired
disorder of granulopoiesis characterized by prolonged,
unexplained reduction in peripheral blood (PB) neu-
trophils due to accelerated apoptosis of the bone marrow
(BM) granulocytic progenitors.1 There has been growing
evidence to suggest that CIN shares common patho-
genetic features with immune-mediated BM failure syn-
dromes, such as aplastic anemia (AA) and myelodysplas-
tic syndromes (MDS).2

Clonal hematopoiesis has been associated with the

pathophysiology of the immune-mediated BM failure
syndromes.3,4 The possible existence of clonal stem/prog-
enitor cell populations in CIN using methods other than
classical karyotype has not yet been investigated. The X-
chromosome inactivation pattern (XCIP) method is based
on the Lyon–Beutler hypothesis of the random inactiva-
tion of one of the two X-chromosomes early in embryo-
genesis.5,6 Normal female tissues display a mosaic expres-
sion of genes from maternal and paternal X-chromo-
somes whereas monoclonal populations express either
maternally or paternally-derived X-linked genes.5,6 The
XCIP assay has been widely used to identify clonality in
MDS and AA.7-10 In the current study, we have probed the
existence of clonal hematopoiesis in CIN by investigating
the XCIP of the glucose-6-phosphate dehydrogenase
(G6PD) and iduronate-2-sulfatase (IDS) gene polymor-
phisms in PB granulocytes and lymphocytes using reverse
transcription polymerase chain reaction (RT-PCR).10

Genomic DNA extracted from PB samples of 134
female patients fulfilling the diagnostic criteria for CIN1

and 124 age-matched female healthy subjects, was ini-
tially screened for C/T heterozygocity at nucleotides
1311 of G6PD and 438 of IDS using a PCR-based restric-
tion fragment length polymorphism assay.10 Total RNA
isolated from PB lymphocytes and granulocytes of sub-
jects showing heterozygocity in at least one of the two
genes was transcribed into cDNA and amplified by a
nested (G6PD) or conventional (IDS) PCR using previous-
ly described primers.10 Samples showing expression of
only one allele at a ratio equal to or more than 9:1 com-
pared to the other allele despite the existence of both at
the genomic level, were classified as clonal. The χ2 test
was used for comparisons between patients and controls. 

Seventy-six CIN patients (56.7%) and 76 healthy indi-
viduals (61.3%) showing heterozygocity for at least one
polymorphism were assessed for clonality in PB lympho-
cytes and granulocytes (Figure 1A and B). Patients’ char-
acteristics are shown in Online Supplementary Table S1.
No statistically significant difference was observed in the
age distribution between CIN patients and controls that
were assessed for clonality. Twenty of 41 (48.78%) CIN
patients heterozygous for the G6PD polymorphism
showed a monoclonal pattern in at least one cell popula-
tion; 16 of 41 patients (39.02%) displayed monoclonal
pattern in both lymphocytes and granulocytes indicating
the involvement of an early hematopoietic stem cell
whereas 4 of 41 patients (9.76%) displayed monoclonal
pattern in granulocytes and polyclonal in lymphocytes
implying clonality within the myeloid lineage (Figure
1C). Of 28 healthy subjects showing heterozygocity for
G6PD, 6 individuals (21.43%) displayed a monoclonal
pattern that concerned both cell populations in all cases.
This frequency is significantly lower than the respective
48.78% observed in the patients (P=0.0213).   

Similarly, 23 of 50 (46%) CIN patients heterozygous
for the IDS polymorphism displayed a monoclonal pat-
tern in at least one PB cell population (Figure 1D); 20 of
50 (40%) CIN patients displayed monoclonal pattern in
both cell populations and 3 of 50 patients (6%) displayed
monoclonal pattern in granulocytes and polyclonal in
lymphocytes suggesting the involvement of a primitive
and committed stem cell, respectively. Of the 57 healthy
subjects showing heterozygocity for IDS, 12 individuals
(21.05%) displayed monoclonal pattern that concerned
both cell populations in all cases (Figure 1D). This propor-
tion is significantly lower than the respective 46%
observed in CIN patients (P=0.0061). 

Of the 76 CIN patients displaying heterozygosity in the
expression of at least one gene polymorphism, 32
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(42.10%) showed monoclonal pattern in both cell popu-
lations, 5 (6.58%) showed monoclonal pattern in granu-
locytes and polyclonal in lymphocytes, and 39 showed
polyclonal pattern in both cell populations (51.32%). No
statistically significant difference was obtained in the fre-
quency of clonality between patients with mild and those
with more severe neutropenia using the threshold of
1,000x106/L. Of the 76 healthy individuals who were het-
erozygous for the G6PD and/or IDS polymorphism, 15
(19.74%) displayed monoclonal pattern in both cell sub-
populations (P=0.0028), none displayed
monoclonal/polyclonal pattern in granulocytes/lympho-
cytes (P=0.023), and 61 of 76 (80.26%) displayed poly-
clonal pattern in both cell subpopulations (P=0.0002)
(Figure 1E). Overall, 48.68% (37 of 76) CIN patients and
19.74% (15 of 76) healthy individuals displayed a mono-

clonal pattern in at least one cell population (P=0.0008).
For patients (n=15) and controls (n=9) who were het-
erozygous for both polymorphisms, a concordance was
obtained in the pattern of polymorphism expression
(monoclonal/polyclonal) in both cell populations (Online
Supplementary Table S1). 

Our data suggest that CIN may represent a clonal dis-
order of hematopoiesis mostly at the pluripotent stem
cell level. Although the validity of our method was
screened by analyzing PB cell populations from patients
with hematologic malignancies (data not shown), we rec-
ognize that interpretation of results is limited by the
skewed pattern of X-chromosome inactivation that
occurs in a significant proportion of females and may
increase with age.11 Excessive allele skewing has been
reported to be 20% in females older than 60 years but
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Figure 1. Genotyping, clonality analysis and frequency of the expression pattern of G6PD and/or IDS polymorphisms in CIN patients
and healthy individuals. Genomic DNA was extracted from PB samples of CIN patients and healthy controls and genotyping for polymor-
phisms of G6PD and IDS genes was performed by a PCR-based restriction fragment length polymorphism assay. Total RNA was isolated
from lymphocytes and granulocytes of heterozygous subjects and clonality analysis was performed by RT-PCR. (A) Genotyping of G6PD.
Lanes 1, 3 and 6 show heterozygous (C/T), lanes 2 and 8 homozygous (T/T), and lanes 4, 5 and 7 homozygous (C/C) subjects. (B)
Genotyping of IDS. Lanes 1, 5 and 6 show heterozygous (C/T), lanes 2 and 7 homozygous (T/T), and lanes 3 and 4 homozygous (C/C)
subjects. (C) Clonality analysis of G6PD RT-PCR products in CIN patients. Lanes 1 and 2 show a polyclonal pattern in granulocytes and
lymphocytes, respectively, and lanes 3 and 4 show a monoclonal pattern in granulocytes and lymphocytes, respectively. (D) Clonality
analysis of IDS RT-PCR products. Lanes 1 and 2 show monoclonal patterns in granulocytes and lymphocytes, respectively (CIN); lanes 3
and 4 show polyclonal patterns in granulocytes and lymphocytes, respectively (CIN); lanes 5 and 6 show monoclonal pattern in granu-
locytes and lymphocytes, respectively (healthy control); lanes 7 and 8 show monoclonal pattern in granulocytes and lymphocytes, respec-
tively (healthy control).  (E) The bars on the left represent the frequency of patients and healthy individuals with a monoclonal (MC) pat-
tern of at least one gene polymorphism in both lymphocytes and granulocytes, monoclonal pattern in granulocytes and polyclonal pat-
tern in lymphocytes (MC/PC) and polyclonal (PC) pattern in both cell populations. The bars on the right represent the overall frequency
of patients and healthy individuals displaying monoclonality in at least one cell population. Comparison between patients and controls
has been performed by means of the χ2 test and P values are shown. 
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proportions ranging from 0% to 38% have also been
reported, depending on the criteria for the excessive
Lyonization definition, the type of XCIP, and even the tis-
sue type. However, given that CIN patients and healthy
controls are age-matched, the differences in clonality
assessment obtained should be taken into account as
they cannot be attributed to the influence of age-related
skewing. Furthermore, no significant difference was
found in age distribution between subjects (patients or
controls) with clonal and those with non-clonal XCIP,
suggesting that our results are unlikely to be biased by
age.

The pathophysiological significance of the clonal pop-
ulations identified in CIN patients is obscure. They might
indicate a contraction of the stem cell pool resulting in
support of hematopoiesis by one or a few stem cells, as
previously described in aplastic anemia and hypoplastic
myelodysplastic syndromes (MDS).4 Alternatively, they
might imply an early event in a transformation process
and although malignant evolution has been rarely report-
ed in CIN, a thorough long-term follow up of patients
with clonal populations is needed.12 The clonal XCIP in
our patients should not be interpreted as indicative for
MDS diagnosis because the majority of these patients
had a long history of stable disease. Overall, we have pro-
vided evidence for possible clonal hematopoiesis in CIN.
However, clonality data cannot be currently used as a
diagnostic criterion for the disease and further studies
with newer technologies, such as comparative genomic
hybridization and single nucleotide polymorphism array-
based karyotyping, are required to confirm clonal pat-
terns of hematopoiesis in these patients.
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ETV6 deletion is a common additional abnormality
in patients with myelodysplastic syndromes or
acute myeloid leukemia and monosomy 7

Chromosome 7 abnormalities are common in
myelodysplastic syndromes (MDS) and acute myeloid
leukemia (AML). Often, there is partial loss of 7q as the
result of deletion (del(7q)) or loss of one entire copy of
chromosome 7 (monosomy 7 or -7). Del(7q) and -7 may
occur in isolation, in simple or in complex karyotypes.1 It
is assumed that the pathogenicity of -7/del(7q) is due to
loss of tumor suppressor gene(s). However, the molecular
mechanisms underpinning the clinical behavior of
patients with 7/del(7q) MDS/AML are not well under-
stood.

Deregulation of the ETV6 gene through translocation,
deletion or somatic mutation is also recurrent in myeloid
malignancies. By metaphase cytogenetics (MC), approxi-
mately 1% of patients with AML and 0.6% of patients
with MDS have deletion of part of 12p.2,3 Mapping stud-
ies place ETV6 within the smallest commonly deleted
region.4

It has been reported that 5% of patients with -7/del(7q)
have del(12p) by MC.1 Using a single nucleotide polymor-
phism array (SNP-A), we identified a cryptic ETV6 dele-
tion in a patient with -7. The poor chromosome morphol-
ogy typically encountered in patients with -7 means that
it may be difficult to identify subtle 12p abnormalities in
metaphases. We, therefore, reasoned that the frequency
of ETV6 deletion in patients with -7 may be higher than
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