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Abstract

Isochromosome 20g- (i(20q-)), as a rare reproducible chromosomal anomaly formed on the basis of 20q-, has not been commonly
reported. Due to the rarity of this karyotypic anomaly, the bone marrow morphological characteristics of the patients with i1(20q-)
have not been clarified until now. In this study, the bone marrow cell morphology from MDS patients with isolated i(20q-),
isolated 20q-, and normal karyotype was retrospectively compared and statistically analyzed. The results indicated that the
isolated 1(20q-) was mostly detected in MDS-MLD patients. The frequency and proportion dysplasia of cytoplasmic
vacuolization in erythoid cells and small or unusually large size in myeloid cells of isolated i(20g-) MDS patients were signif-
icantly higher than those of normal karyotype MDS patients respectively (P < 0.05); the frequency and proportion dysplasia of
decreased granules/agranularity in myeloid cells of isolated 1(20q-) MDS patients were higher than those of isolated 20q- MDS
patients (P < 0.05). The incidence of some specific morphological manifestations, such as deeply lobulated and hyperlobulated
megakaryocytes and hypogranular and vacuolized eosinophils, may be an important morphological implication for the anomaly
of isolated 1(20qg-). These morphological features of dysplasia may be helpful in distinguishing MDS with isolated i1(20qg-) from
those with isolated 20g- and normal karyotype.
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Introduction

The long arm deletion of chromosome 20 (20q-) is one of the
most common karyotypic anomalies observed in the myeloid
category of hematological diseases [1], and was ever reported
in approximately 10% of myeloproliferative neoplasms
(MPNs), 4% of myelodysplastic syndrome (MDS), and 1%
of acute myeloid leukemia (AML) other than lymphocytic
conditions [2]. Isochromosome 20g- (i(20q-)), a rare repro-
ducible chromosomal anomaly formed on the basis of 20q-,
was initially reported by Li et al. in 2004 [3] and was accu-
mulatively reported in less than 60 patients so far. Due to the
rarity of this karyotypic anomaly, the clinical and laboratorial
characteristic of 1(20q-) especially isolated i1(20g-) is not clar-
ified yet [4]. In the present study, we found that the isolated
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i(20g-) may be one of the recurrent abnormalities in MDS
patients. Therefore, the bone marrow cell morphological fea-
tures from MDS patients with isolated 1(20g-), isolated 20q-,
and normal karyotypes were retrospectively analyzed, in order
to evaluate the potentiality of an unique bone marrow cell
morphology in patients with isolated i(20q-) for clinical usage.

Patients and methods
Patients

A total of 11 MDS patients who were identified as isolat-
ed 1(20qg-) in the first affiliated hospital of Suzhou
University between July 2002 and December 2017 as in-
patients or outpatients with archived bone marrow smears
were included in the present study. The subtypes of MDS
included MLD (n=9) and RS-MLD (n=2). In addition,
MDS patients with isolated 20q- (n=21) and normal kar-
yotype (n=24) who had archived bone marrow smears
were included as the comparators. The patients were cat-
egorized in accordance with the WHO Classification
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Criteria 2017 [5]. The demographic and other key charac-
teristics of the three groups were summarized in Table 1.

Methods

Bone marrow cell cytogenetic analysis and gene mutation
detection

Cytogenetic analysis was performed on bone marrow (BM)
cells using direct method and/or 24-h culturing. An R-banding
assay was used for karyotypic analysis. Clonal karyotype ab-
normalities were described according to the International
System for Human Cytogenetic Nomenclature (ISCN, 2013)
[6]. The confirmatory analysis was performed using dual-
color fluorescence in situ hybridization (D-FISH) for patients
with i(20q-) or 20g- who had archived chromosome suspension.
The normal karyotype specimen from male person was used as
the normal control. Of these MDS patients, 22 were detected
using the gene mutation test, and the results were analyzed.

Bone marrow cell morphology analysis

The bone marrow smears of the patients were carefully ob-
served by a senior hemo-morphologist and double checked by
at least another senior morphologist before getting the final
diagnosis.

The features of cellular morphological dysplasia were
evaluated from the following three aspects: firstly, the
“incidence of morphological dysplasia” (IMD) was eval-
uated in the patients respectively according to dysplasia
type of erythroid, myeloid, and megakaryocytic lineages
by 2017 WHO classification (IMD-WHO); secondly,
“percentage of dysplastic cells” (PDC) respectively in
erythroid, myeloid, and megakaryocytic lineage from
marrow cells of each patient based on 2017 WHO classi-
fication (PDC-WHO) was calculated [7-9]; finally, the
“IMD” and the “PDC” of specific morphological dyspla-
sias described in the previous literature of i(20qg-) patients
were analyzed.

The “incidence of morphological dysplasia” (IMD) was
calculated as the number of cases with the emerged mor-
phological dysplasia divided by the number of total cases in
each group (present as the percentage). The “percentage of
dysplastic cells” (PDC) was determined as follows: for the
erythroid and myeloid lineage, 100 cells from each lineage

were screened for the presence of the morphological dys-
plastic features; for megakaryopoiesis, the number of dys-
plastic megakaryocytes as well as the total number of mega-
karyocytes observed was documented for the percentage of
dysplastic megakaryocytes (that is, the number of dysplasia
cells divided by 100 cells in each linage; present as the
mean percentage). The types of morphological dysplasia
for “incidence of morphological dysplasia” (IMD-WHO)
and “percentage of dysplastic cells” (PDC-WHO) were de-
fined according to the 2017 WHO classification (Fig. 1).
The “IMD” of specific morphological dysplasia report-
ed in the previous literature of the i(20qg-) patients was
calculated as the number of cases demonstrating specific
type of morphological dysplasia divided by number of
total cases in each group (present as the percentage).
The “PDC” of specific morphological dysplasia also ac-
cording to the specific type from the previous literature
was analyzed (present as the mean percentage). The spe-
cific morphological dysplasia previously described in
1(20g-) patients included the type of hypogranulated and
vacuolized neutrophils, hypogranular and vacuolized eo-
sinophils, neutrophil erythrophagocytosis, and deeply lob-
ulated and hyperlobulated megakaryocytes (Fig. 2) [10].

Statistical analysis

All the statistical procedures were performed using SPSS 18.0
software. The categorical data were analyzed using chi-square
test or Kruskal-Wallis—H test. P value < 0.05 was considered
to be statistically significant.

Results
Clinical data

From July 2002 to December 2017, among the inpatients and
outpatients in our center who underwent routine karyotypic
analysis, a total of 52 patients with 1(20q-) were identified, of
whom 32 had archived bone marrow smears. Of these pa-
tients, 13 patients were isolated i(20q-), and the bone marrow
cell R-banded karyotype and FISH analysis of two represen-
tative patients were plotted in Fig. 3. Eleven of these 13 iso-
lated 1(20g-) patients were identified as MDS (85%). The

Table 1 The demographic

characteristics of the MDS Patient group Patient selection mode N M/F Median age (years)

patients with isolated 1(20g-),

isolated 20q-, and normal Isolated 1(20q-) Consecutive 11 0.83:1 70.0 (45-81)

karyotype Isolated 20q- Consecutive 21 1.1:1 64.0 (20-87)
Normal karyotype Random 24 2:1 44.0 (24-68)

N number of patients, M male, F’ female
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Fig. 1 Morphological dysplasias defined by 2017 WHO classification in
erythoid lineage (a—f), myelocytic lineage (g-1), and megakaryocytic
lineage (m-o0). a Nucleus budding. b Internuclear bridging. ¢
Karyorrhexis. d Multi-nuclearity. e Megaloblastic changes. f
Cytoplasmic vacuolization (6 types in erythoid lineage). g Small or

median age of the patients was 70 (45-81) years old and the
male was less than the female (0.83:1).

Ofthe 97 patients who were identified having isolated 20q-
with archived bone marrow smears from 2002 and 2017, 22
were diagnosed as MDS (22%), which were selected as the
comparators. Additionally, 24 MDS patients with normal kar-
yotype were randomly selected as the control group.

Analysis of IMD-WHO in erythroid, myeloid,
and megakaryocytic lineages in MDS patients
with isolated i(20q-), isolated 20q-, and normal

karyotypes

As shown in Fig. 4a, for patients with isolated 1(20q-), isolated
20qg-, and normal karyotypes, the most frequently observed
dysplasia in erythroid lineage was megaloblastic changes
(82%, 100%, 67% respectively), which was almost found in
more than 2/3 MDS patients; the next commonly observed

unusually large size. h Nuclear hyposegmentation. i Nuclear
hypersegmentation. j Decreased granules/agranularity. k Dohle bodies. 1
Pseudo Chédiak—Higashi granules (6 types in myelocytic lineage). m
Micromegakaryocyte. n Nuclear hypolobation. o Multinucleation (3
types in megakaryocytic lineage)

was cytoplasmic vacuolization (73%, 57%, 33% respectively)
in the three groups. The dysplasia of cytoplasmic
vacuolization in erythroid lineage was observed at significant-
ly higher frequency in patients with isolated 1(20q-) than in
patients with normal karyotype (P < 0.05). The dysplasias of
nucleus budding and karyorrhexis in erythroid lineage in pa-
tients of isolated 1(20q-) were numerically more common than
those of the other two MDS groups without significant differ-
ence (P >0.05).

As shown in Fig. 4b, for patients with isolated i1(20q-), iso-
lated 20g-, and normal karyotypes, the most frequently occurred
dysplasia in myeloid lineage was small or unusually large size
(91%, 95%, 50% respectively). Moreover, this dysplasia was
more frequently found in patients with isolated 1(20q-) and iso-
lated 20g- than in patients with normal karyotype (P < 0.05).
The incidences of nuclear hyposegmentation and decreased
granules/agranularity in patients with isolated i(20q-) were
higher than those in patients with isolated 20q- (P < 0.05). The

Fig. 2 Specific morphological dysplasias reported in the i(20q-) patients from a previous literature. a Hypogranulated and vacuolized neutrophils. b
Hypogranular and vacuolized eosinophils. ¢ Neutrophil erythrophagocytosis. d Deeply lobulated and hyperlobulated megakaryocytes
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Fig. 3 a R-banded karyotype
from a patient of 46,xx,1(20q-). b
FISH result of patient using dual-
color probes for 20q12 (green)
and 20qter (red). Showing two
symmetric red signals at both ter-
minals of the chromosome 1(20q-)
but without any green signal be-
tween them, the other chromo-
some with two green and two red
signals was a normal chromo-
some 20

Fig. 4 The IMD-WHO in ery-
throid, myelocytic, and megakar-
yocytic lineage in MDS patients
with isolated 1(20q-), isolated
20q-, and normal karyotypes. a
The incidence of cytoplasmic
vacuolization in erythroid cells in
the MDS patients with isolated
i(20q-) was significantly higher
than that in patients with normal
karyotypes (8/11, 73% vs 8/24,
33%; P <0.05). b The incidence
of small or unusually large size in
myeloid lineage in MDS patients
with isolated 1(20q-) was signifi-
cantly higher than that in patients
with normal karyotypes (10/11,
91% vs 12/24, 50%; P < 0.05).
The incidence of nuclear
hyposegmentation and decreased
granules/agranularity in the MDS
patients with isolated 1(20q-) was
higher than that in patients with
isolated 20q- (8/11, 73% vs 7/21,
33%; 6/11, 55% vs 1/21, 5%;

P <0.05). ¢ The incidence of nu-
clear hypolobation in megakar-
yocytic lineage in the MDS pa-
tients with isolated 1(20q-) was
lower than that in patients with
isolated 20q- (8/11, 73% vs 21/
21, 100%; P < 0.05). IMD-WHO,
incidence of morphological dys-
plasia by 2017 WHO
classification
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incidence of Dohle bodies in the patients with isolated 1(20q-)
was numerically higher than that of the other two MDS group,
respectively, but without significant difference (P > 0.05). The
dysplasia of Pseudo Chédiak—Higashi granules was hardly
found in these three MDS groups.

As shown in Fig. 4c, the nuclear hypolobation was consis-
tently ranked as the primary dysplasia in megakaryocytic lin-
eage in patients with isolated 1(20q-), isolated 20q-, and nor-
mal karyotypes (73%, 100%, and 67%, respectively). But the
incidence of nuclear hypolobation in isolated 1(20q-) patients
was significantly lower than that in isolated 20q- patients (P <
0.05). The incidence of other dysplasias in megakaryocytic
lineage in isolated i1(20q-) patients was numerically lower than
that of the other two groups but without significant difference
(P >0.05).

Analysis of PDC-WHO in the erythroid, myeloid,
and megakaryocytic lineages among MDS patients
with isolated i(20q-), isolated 20q-, and normal
karyotypes

The PDCs-WHO of these three lineage cells in MDS patients
with isolated i1(20q-), isolated 20q-, and normal karyotypes
were plotted in Fig. 5:

As shown in Fig. 5a, for MDS patients with isolated
1(20g-), isolated 20q-, and normal karyotypes, the most com-
monly detected dysplasia cells in erythroid lineage was meg-
aloblastic changes (7.1%, 7.8%, 7.8% respectively); the next
commonly detected was cytoplasmic vacuolization (5.9%,
5.3%, 4.9% respectively) in the three groups. As for the dys-
plasia of cytoplasmic vacuolization in erythroid cells, the PDC
of the patients with isolated 1(20q-) was significantly higher
than that of the patients with normal karyotypes (P <0.05).
The PDC of nucleus budding in erythroid cells of the patients
with isolated 1(20q-) was numerically higher than that of the
other two groups of MDS, but without significant difference
(P> 0.05).

As shown in Fig. 5b, for patients with isolated i1(20q-) and
isolated 20g-, the most commonly detected dysplasia cell in
myeloid lineage was small or unusually large size (8.1%,
7.8% respectively); yet for normal karyotype MDS patients,
the most detected dysplasia cell was decreased granules/
agranularity (5.7%). As for the dysplasia of small or unusually
large size, the PDC of the patients with isolated i1(20g-) was
significantly higher than that of patients with normal karyo-
types (P <0.05). The PDC of nuclear hyposegmentation in
patients with isolated 1(20g-) MDS was significantly lower
than that in patients with isolated 20q- MDS while significant-
ly higher than that in patients with normal karyotype MDS,
respectively (both P <0.05). As for the dysplasia cell of de-
creased granules/agranularity, the PDC of the patients with
isolated 1(20qg-) was significantly higher than that of patients
with isolated 20g- (P < 0.05).

As shown in Fig. 5¢, for patients with isolated 1(20qg-) and
isolated 20q-, the most commonly detected dysplasia cell in
megakaryocytic lineage was nuclear hypolobation (22.1%,
18.2% respectively); yet for normal karyotype MDS patients,
the most commonly detected dysplasia cell was
multinucleation (12.1%). As for the dysplasia of nuclear
hypolobation, the PDC of the patients with isolated i1(20q-)
was significantly higher than that of the patients with normal
karyotypes (P < 0.05).

Comparison of the dysplasia lineage (PDC-WHO >
10%) in erythroid, myeloid, and megakaryocytic
lineages among MDS patients with isolated i(20q-),
isolated 20¢g-, and normal karyotypes

As shown in Fig. 6, the PDC-WHO > 10% in erythroid line-
age was found in 73%, 57%, and 38% of the patients with
isolated i1(20g-), isolated 20q-, and normal karyotypes, respec-
tively, showing no statistical significance between the patients
with isolated i1(20q-) and the other two groups; the PDC-
WHO >10% in myeloid lineage was found in 91%, 76%,
and 67% of the patients of these three groups, respectively,
without statistical significance. The PDC-WHO > 10% in
megakaryocyte lineage was found in 73%, 48%, and 42% of
these three group patients respectively, showing no statistical
significance between patients with isolated i1(20g-) and the
other two groups.

Comparison of the IMD and the PDC according

to the type of specific morphological features
reported in the publications among MDS patients
with isolated i(20q-), isolated 20q-, and normal
karyotypes

As shown in Fig. 7a, in the isolated i1(20qg-) cohort, the
incidence of deeply lobulated and hyperlobulated mega-
karyocytes was ranked as the primary characteristic dys-
plasia (55%), which was much higher than that of MDS
patients with isolated 20q- (19%) and normal karyotypes
(17%) (P <0.05). Moreover, the incidence of
hypogranular and vacuolized eosinophils in isolated
1(20g-) patients (27%) was also significantly higher than
that in normal karyotype MDS patients (0%) (P <0.05).
In addition, the incidence of other specific morphological
dysplasias reported in previous publications
(hypogranulated and vacuolized neutrophils, neutrophil
erythrophagocytosis) in patients with isolated 1(20q-)
was also numerically higher than that in patients with
isolated 20q- and normal karyotypes in our present co-
hort, although no statistical significance was found among
these three groups. These findings were generally consis-
tent to previous reports.
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As shown in Fig. 7b, as for the specific morphology of
deeply lobulated and hyperlobulated megakaryocytes, the
PDC of the patients with isolated 1(20qg-) (5.0%) was signifi-
cantly higher than that of isolated 20q- (4.0%) and normal
karyotype (1.0%) MDS patients respectively (both P <
0.05). The PDC of hypogranular and vacuolized eosinophils
in patients with isolated 1(20q-) (2.0%) was also significantly
higher than that in normal karyotype (0.0%) MDS patients
(P<0.05).
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Gene mutation analysis for the MDS patients
with isolated i(20q-), isolated 20q-, and normal

karyotypes

As shown in Table 2, MDS patients with isolated i1(20q-) (n =
2), isolated 20q- (n =7), and normal karyotype (n =13) were
subjected to gene mutation testing by next-generation se-
quencing (NGS). The incidence of mutation in 20q- MDS
patients (8/9, 88.9%) was higher than that in normal karyotype
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patients (7/13, 53.8%). Among the 20q- group, the incidence
of mutation in isolated i(20g-) MDS patients (2/2, 100%) was
higher than that in isolated 20q- MDS patients (6/7, 85.7%).
Among all the 22 MDS patients, the gene mutations detected
were U2AF1 (4/22, 18.2%), SF3B1 (4/22, 18.2%), NPM1
(3/22, 13.6%), FLT3-1TD (2/22, 9%), TET2 (2/22, 9%), and
CSMD1, ASLXI1, ETV6, NRAS, NOTCHI, etc. The muta-
tions detected in MDS patients with isolated i1(20q-) were
U2AF1(1/2, 50%), CSMD1 (1/2, 50%), and SF3B1 (1/2,
50%); the mutations of U2AF1 and CSMDI1 were detected
in the same individual patient.

Discussion

From July 2002 to December 2017, 13 cases of isolated
1(20g-) and 97 cases of isolated 20q- were detected among
the inpatients and outpatients in our center. Eleven/thirteen
(85%) of isolated 1(20qg-) patients were diagnosed as MDS,
with the proportion much higher than that of isolated 20q-
patients (21/97, 22%) (P < 0.05). As a type of common chro-
mosome abnormality, isolated 20qg- can be found in MDS,
MPN, AML, CML, and so on and is nonspecific for MDS
patients. Isochromosome 20q- (i(20q-)), as a rare reproducible
chromosomal anomaly, was seldom reported because of the
very low incidence, particularly for isolated i1(20g-). In our
study, isolated 1(20q-) was found mostly in MDS patients,
which was consistent with the literature report. Therefore,
we assumed whether the isolated i1(20g-) could be considered
as a presumptive evidence of cytogenetic abnormalities for
MDS. Based on this, in the present study, the morphological
dysplasia features of these MDS patients with isolated i1(20q-)
were carefully studied according to the latest dysplasia stan-
dard by 2017 WHO classification, attempting to explore

whether the MDS patients with isolated i1(20g-) may exhibit
specific morphological manifestations different from that of
MDS patients with isolated 20q- and normal karyotypes. In
addition, both isolated i(20g-) MDS patients and isolated 20q-
MBDS patients were older than the MDS patients with normal
karyotype reflected by the median age data (P < 0.05).

The incidence of most morphological dysplasia in erythoid,
myeloid, and megakaryocyte lineages described in the 2017
WHO classification did not differ from each other among the
MDS patients with isolated i1(20q-), isolated 20g-, and normal
karyotypes. However, the cytoplasmic vacuolization in
erythoid cells and small or unusually large size, nuclear
hyposegmentation, and decreased granules/agranularity in
myeloid cells were more commonly found in the patients with
isolated i(20q-) than in those with isolated 20q- or with normal
karyotypes. While in megakaryocytic lineage, the incidence of
nuclear hypolobation in patients with isolated 1(20g-) and nor-
mal karyotypes was statistically lower than that in patients
with isolated 20q- respectively. These results indicated that
morphological dysplasias in erythoid and myeloid lineage
were more frequently detected in MDS patients with isolated
i(20g-), and nuclear hypolobation in megakaryocytic lineage
may be one of characteristics of isolated 20q- MDS patients.

As for the proportion of dysplasia cells in the bone marrow,
the percentage of cytoplasmic vacuolization in erythoid cells,
small or unusually large size, and nuclear hyposegmentation
in myeloid cells and nuclear hypolobation in megakaryocytic
lineage was higher in patients with isolated i(20g-) than that in
patients with normal karyotypes, showing significant differ-
ence. As for the type of decreased granules/agranularity in
myeloid cells, the percentage of such dysplasia cells in MDS
patients with isolated 1(20q-) was statistically higher than that
in isolated 20q- patients. Thus, these morphological features
mentioned above in three lineages contributed a higher degree

100% A 91%
90% -
80% - 73%
70% -
60% -
50% -
40% -
30% -
20% -
10% -

0% -

>10% dysplasia of
erythroblasts

76% 73%

>10% dysplasia of myelocytic
cells megakaryocytes

M isolated i(20q-)
M isolated 20g-
normal karyotype

>10% dysplasia of

Fig. 6 Incidence of dysplasia lineage (PDC>10%) of the erythroid,
myelocytic, and megakaryocytic lineages in MDS patients with isolated
i(20g-), isolated 20q-, and normal karyotypes. The incidence of
dysplasias (PDC>10%) of the MDS patients with isolated 1(20q-) was
numerically higher than that of patients with isolated 20q- and normal

karyotypes in erythroid lineage (8/11, 73% vs 12/21, 57% and 9/24,
38%), myeloid lineage (10/11, 91% vs 16/21, 76% and 16/24, 67%),
and megakaryocytic lineage (8/11, 73% vs 10/21, 48% and 10/24,
42%), respectively, but showing no statistical significance (P > 0.05)
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Fig. 7 Analysis of specific morphological features reported in the
publications in MDS patients with isolated i1(20q-), isolated 20q-, and
normal karyotypes. a In the MDS patients with isolated i(20q-), the
incidence of deeply lobulated and hyperlobulated megakaryocytes was
significantly much higher than that in patients with isolated 20q- and
normal karyotypes respectively (6/11, 55% vs 4/21, 19% and 4/24,
17%; both P <0.05). The incidence of hypogranular and vacuolized
eosinophils in the MDS patients with isolated 1(20q-) was significantly
higher than that in patients with normal karyotypes (3/11, 27% vs 0/21,

of dysplasia of bone marrow cells in the isolated 1(20q-) group
than in the normal karyotype MDS group. These dysplastic
features may reflect the complexity of the karyotypes. In fu-
ture clinical practice, these dysplastic morphological manifes-
tations may indicate the possibility of i(20q-).

As reported by Frangois Mullier et al. [10], the MDS pa-
tients with i1(20q-) may have distinct marrow morphological
manifestations which are different from those with 20q-, in-
cluding the presence of hypogranulated and vacuolized

0%; P < 0.05). b The PDC of deeply lobulated and hyperlobulated mega-
karyocytes in the MDS patients with isolated 1(20q-) was significantly
higher than that in patients with isolated 20q- and normal karyotypes
respectively (mean 5.0% vs 4.0% and 1.0%; both P <0.05). The PDC
of hypogranular and vacuolized eosinophils in the MDS patients with
isolated i(20q-) was significantly higher than that in patients with normal
karyotypes (mean 2.0% vs 0.0%; P < 0.05). PDC, percentage of dysplas-
tic cells

neutrophils and neutrophil erythrophagocytosis, detected with
the specificity and sensitivity ranged between 65 and 75%,
and the deeply lobulated and hyperlobulated megakaryocytes
with specificity and sensitivity up to 70% and 85.7%, respec-
tively. Therefore, they concluded that the presence of the
above mentioned morphological manifestations in MDS
may be a sign for possible i1(20g-).

In this study, all of the specific morphological dysplasias
reported by Frangois Mullier et al. were entirely observed in

Table 2 The gene mutation test
results of 21 patients with isolated

i(20g-), isolated 20q-, and normal
karyotype

20q- group Isolated i1(20g-) Isolated 20q-  Normal karyotype
Patients with detected mutation (r) 9 2 7 13
Patients with mutation (+) (n, %) 8 (88.9%) 2 (100%) 6 (85.7%) 7 (53.8%)
1 mutation (n, %) 6 (66.7%) 1 (50%) 5 (71.4%) 2 (15.4%)
2 mutations (1, %) 2 (22.2%) 1 (50%) 1 (14.3%) 4 (30.8%)
> 2 mutations (n, %) 1 (7.6%)

n number of patients
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the isolated 1(20q-) patients, and that the incidence was all
numerically higher than that of isolated 20g- and normal kar-
yotypes MDS patients. Furthermore, the incidence of deeply
lobulated and hyperlobulated megakaryocytes in the isolated
1(20q-) patients (55%) was much higher than that in isolated
20q- (19%) and normal karyotype (17%) MDS patients, re-
spectively, showing statistical significance (both P <0.05).
These findings were consistent with those reported by
Francois Mullier et al. Besides, the PDC of deeply lobulated
and hyperlobulated megakaryocytes in patients with isolated
1(20g-) (5.0%) was significantly higher than that in isolated
20g- (4.0%) and normal karyotype (1.0%) MDS patients re-
spectively (P <0.05). Therefore, the morphological manifes-
tations of deeply lobulated and hyperlobulated megakaryo-
cytes may be an important hint for the anomaly of isolated
1(20g-). If these characteristic morphological manifestations
(hypogranulated and vacuolized neutrophils, hypogranular
and vacuolized eosinophils, neutrophil erythrophagocytosis)
were observed simultaneously, it may indicate a serious pos-
sibility of chromosome abnormality of isolated i(20q-).

Currently, a majority of investigators deem the hematopoi-
etic cell kinase (HCK) gene is associated with the presence of
hypogranulated and vacuolized neutrophils. The gene located
on 20q11.21 is a tyrosine kinase mainly expressed in myeloid
cells, functioning to modulate granulocyte colony-stimulating
factor dependent proliferation, migration and degranulation of
myeloid precursors [11]. Under the condition of 20q-, the loss
of HCK may occur due to the long arm deletion of chromo-
some 20. By contrast, in the case of i(20qg-), the gene may be
retained due to the replication of the residual long arm of
chromosome 20, playing a pivotal role in the formation of
hypogranulated and vacuolized neutrophils. Currently, the un-
derlying genetic mechanism of neutrophil
erythrophagocytosis and neutrophil platelet phagocytosis is
not clarified yet [12—14].

The results of mutation test of this study indicated that the
incidence of gene mutations in MDS patients with abnormal
karyotype (20g- anomaly) was higher than that in normal kar-
yotype patients. The incidence of gene mutations in isolated
1(20g-) MDS patients might be higher than that in isolated
20q- patients, but this still needs more cases to confirm be-
cause of the limited cases of isolated 1(20qg-) in this study.
Notably, the gene mutations of U2AF1, CSMDI, and
SF3B1 could be detected in MDS patients with isolated
1(20g-).

In conclusion, patients with isolated i(20q-) were mostly
identified as MDS patients. The high frequency and high pro-
portion dysplasia type of cytoplasmic vacuolization in
erythoid cells and small or unusually large size in myeloid
cells may be the morphological features of isolated 1(20q-)
MDS patients different from those of normal karyotypes
MDS patients. The high frequency and high proportion dys-
plasia of decreased granules/agranularity in myeloid cells may

be considered the features of isolated 1(20g-) MDS patients
distinguishable from those of isolated 20q- MDS patients. The
morphological manifestations of deeply lobulated and
hyperlobulated megakaryocytes and hypogranular and
vacuolized eosinophils may provide the specific morphologi-
cal implication for the anomaly of isolated i(20g-).

Author contributions Dandan Liu, Jinlan Pan, and Chunxiao Wu con-
tributed equally to this paper.

Funding information This work was supported in part by the Youth
National Natural Science Foundation of China (grant number
81100332) and the Natural Science Foundation of Jiangsu Province
(grant number BK20151231).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interests.

References

1. Asimakopoulos FA, Green AR (1996) Deletions of chromosome
20q and the pathogenesis of myeloproliferative disorders. Br J
Haematol 95:219-226

2. Mitelman F (1991) Catalog of chromosome aberrations in cancer.
New York

3. LiT, XueY, Wu, PanJ (2004) Clinical and molecular cytogenetic
studies in seven patients with myeloid diseases characterized by
1(20g-). Br J Haematol 125:337-342

4. Shetty S, Roland B (2008) Isoderivative chromosome 20 in bone
marrow: three new cases. Cancer Genet Cytogenet 184:72—73

5. Hasserjian RP, Baumann I, Orazi A et al (2017) Myelodysplastic
syndromes: overview. In: Swerdlow SH, Campo E, Harris NL et al
(ed) WHO classification of tumours of haematopoietic and lym-
phoid tissues, revised 4th edn. Lyon, France, pp 98-106

6. Shaffer LG, McGowan-Jordan J, Schmid M (2013) ISCN 2013: an
international system for human cytogenetics nomenclature. Karger,
Basel

7. LiuD, Chen Z, Xue Y, Lu D, Zhou Y, Gong J, Wu W, Liang J, Ma
Q, Pan J, Wu Y, Wang Y, Zhang J, Shen J (2009) The significance
of bone marrow cell morphology and its correlation with cytoge-
netic features in the diagnosis of MDS-RA patients. Leuk Res 33:
1029-1038

8. Cantu Rajnoldi A, Fenu S, Kerndrup G et al (2005) Evaluation of
dysplastic features in myelodysplastic syndromes: experience from
the morphology group of the European Working Group of MDS in
Childhood (EWOG-MDS). Ann Hematol 84:429-433

9. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, le Beau
MM, Bloomfield CD, Cazzola M, Vardiman JW (2016) The 2016
revision to the World Health Organization classification of myeloid
neoplasms and acute leukemia. Blood 127:2391-2405

10.  Mullier F, Daliphard S, Garand R, Dekeyser M, Cornet Y, Luquet I,
Talmant P, Richebourg S, Jamar M, Dogné JM, Chatelain C,
Michaux L, Chatelain B (2012) Morphology, cytogenetics, and
survival in myelodysplasia with del(20q) or i(20g-): a multicenter
study. Ann Hematol 91:203-213

11.  Mermel CH, McLemore ML, Liu FL et al (2006) Src family kinases
are important negative regulators of G-CSF-dependent
granulopoiesis. Blood 108:2562-2568

@ Springer



614

Ann Hematol (2019) 98:605-614

12.  Moretti S, Lanza F, Spisani S, Latorraca A, Rigolin GM, Giuliani
AL, Castoldi GL, Traniello S (1994) Neutrophils from patients with
myelodysplastic syndromes: relationship between impairment of
granular contents, complement receptors, functional activities and
disease status. Leuk Lymphoma 13:471-477

@ Springer

13.

14.

Li T, Xue Y, Wu Y et al (2004) Clinical and cytogenetic features of
the myeloid hematological disease with isochromosome 20q. Med J
China 84:732-735

Ohsaka A, Saionji K, Igari J et al (1997) Altered surface expression
of effector cell molecules on neutrophils in myelodysplastic syn-
dromes. Br J Haematol 98:108-113



	Retrospective...
	Abstract
	Introduction
	Patients and methods
	Patients
	Methods
	Bone marrow cell cytogenetic analysis and gene mutation detection
	Bone marrow cell morphology analysis
	Statistical analysis


	Results
	Clinical data
	Analysis of IMD-WHO in erythroid, myeloid, and megakaryocytic lineages in MDS patients with isolated i(20q-), isolated 20q-, and normal karyotypes
	Analysis of PDC-WHO in the erythroid, myeloid, and megakaryocytic lineages among MDS patients with isolated i(20q-), isolated 20q-, and normal karyotypes
	Comparison of the dysplasia lineage (PDC-WHO&thinsp;≥&thinsp;10%) in erythroid, myeloid, and megakaryocytic lineages among MDS patients with isolated i(20q-), isolated 20q-, and normal karyotypes
	Comparison of the IMD and the PDC according to the type of specific morphological features reported in the publications among MDS patients with isolated i(20q-), isolated 20q-, and normal karyotypes
	Gene mutation analysis for the MDS patients with isolated i(20q-), isolated 20q-, and normal karyotypes

	Discussion
	References


