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Abstract: |karos6 was specifically associated with clinical and genetic features of acute lymphoblastic leukemia
(ALL) and could be used for prediction of inferior survival. The present study aimed to further investigate the cor-
relation between lkaros6 and other prognostic factors, and to explore the novel prognosis prediction function by
combining lkaros6 and other factors in Chinese adult B-ALL. We examined the expression of lkaros6 in 108 pa-
tients by reverse transcription polymerase chain reaction and confirmed the results by sequencing, gene scanning
and real-time PCR. Ikaros6 was associated with BCR-ABL1 (P=0.010) and myeloid-associated antigens (P=0.009),
but had an independent negative impact on survival. In multivariable Cox analysis, lkaros6 was an independent
prognostic marker for overall survival (P=0.013, HR=2.140), event-free survival (P=0.016, HR=1.972) and relapse-
free survival (P=0.002, HR=3.636). This study indicated closed relation between BCR-ABL1, myeloid-associated
antigens and lkaros6.These three risk factors played an important role in evaluation of prognosis in Chinese adult

B-ALL. Furthermore, lkaros6 is more beneficial for the disease recurrence prediction.
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Introduction

lkaros protein encoded by the IKZF1 gene, as a
tumor suppressor, plays an important role in
high-risk acute lymphoblastic leukemia (ALL)
[1-7]. Ikaros6, as one of the dominant-negative
(DN) Ikaros isoforms, was characterized by loss
of exons 4 to 7 on chromosome 7pl2 with
breakpoints in introns 3 and 7 [8, 9]. Due to the
absence of necessary zinc fingers, lkaros6
interferes with DNA binding activity to the lon-
ger isoforms, thereby reducing lkaros activity
[9-12]. Elevated expression of DN isoforms may
disturb normal lymphocyte development and
lead to leukemic transformation and progres-
sion [6, 12].

The frequency and prognostic relevance of
IKZF1 deletions, especially lkaros6 that lacks
all of the N-terminal zinc fingers, have been
reported previously in children ALL [4, 7, 13-15].

Mullighan et al. identified IKZF1 deletions in
83.7% Ph+ALL patients, suggesting that DN iso-
forms were of importance to leukemic patho-
genesis [3]. Moreover, significant correlation
(P<0.001) was identified between lkaros6 and
the BCR-ABL1 transcript levels [6, 12, 16, 17].
Furthermore, several studies suggested that
IKZF1 deletions were involved in the pathogen-
esis of BCR-ABL1-negative ALL and were also
indicative of poor outcomes of the condition [4,
13-15].

Immunophenotype has been often used as an
essential approach for the diagnosis of ALL.
Expression of myeloid-associated antigens
(MY) in B-ALL patients has been studied sys-
tematically previously [18-22]. Some reports
showed that most cases of BCR-ABL1-positive
B-ALL exhibited myeloid antigens [18, 19], and
others demonstrated significant correlation
between lkaros6 and BCR-ABL1 [6, 12, 16].
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Figure 1. Molecular analysis on IKZF1 in B-ALL. A. RT-PCR for IKZF1 transcripts in representative cases, lkaros6
were detected in both BCR-ABL1+B-ALL and BCR-ABL1- B-ALL. B. Sequencing of RT-PCR products confirmed the
expression of lkaros6. C. Electrophotography of IKZF1 PCR transcript product was performed by using a forward
primer conjugated with the FAM at its 5’ end. Different lkaros isoforms are represented in the electropherogram by
different peaks. The x-axis displays the computed length of the PCR products in base pairs, as determined automati-
cally in terms of an internal lane standard. The y-axis represents the peak height in fluorescence units. D. Genomic

gene scanning of IKZF1 A 4-7 was performed.

Therefore, we supposed there may be a poten-
tial correlation between lkaros6 and myeloid-
associated antigens (MY).

In this study, we analyzed the molecular fea-
tures of lkaros6 and assessed its prognostic
value in a cohort of 108 Chinese adult patients
with B-ALL. Furthermore, we discussed the
potential relationship between lkaros6, BCR-
ABL1 and myeloid-associated antigens. Fur-
thermore, explored deeply the prognostic value
of three factors mentioned above.

Materials and methods
Subjects and the cell line

The study examined 108 de novo Chinese adult
B-ALL who, from Jan 2007 to Dec 2013, were
diagnosed and treated at the Hematological
Centre of Tongji Hospital in accordance with
the CALLG2008 Protocol [23]. The median fol-
low-up was 10 months. The study was approved
by a review committee of medical ethics of
Tongji Hospital. Bone marrow samples were
collected from these patients after obtaining
their written consent in accordance with the
Declaration of Helsinki. BV-173, as the positive
control for PCR, was obtained from DMSZ
(Braunschweig, Germany) and maintained in a
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culture according to DMSZ culture protocol.
Cells were kept in an incubator at 37°C in 5%
CO,,.
RT-PCR, sequencing and real-time PCR

Mononuclear cells were separated by Ficoll-
Hypaque density gradient centrifugation. Total
RNA was extracted by employing the RNEASY
total RNA isolation kit (QIAGEN, Germany). 1 ug
total RNA sample was reversely transcribed
into cDNA. IKZF1 primers for PCR were:
5-ATGGATGCTGATGAGGGTCAAGAC-3’ (with flu-
orescently tagged FAM) and 5-GATGGCTT-
GGTCCATCACGTGG-3. RT-PCR products were
purified by using GeneJET Gel Extraction kit
(Thermo, USA) and the resultant segments
were cloned into pGEM-T-Easy vector (Promega,
USA). The cloned PCR products were sequenced
by utilizing 3500 Genetic Analyzer (Applied
Biosystems, USA). Ikaros6 transcript was quan-
titatively detected as previously described [3]
by employing a 7900 Real-Time PCR system
(Applied Biosystems, USA).

Gene scanning

Ikaros6 isoform was detected and quantified by
gene scanning as described previously [24].
IKZF1 transcripts were detected by using gene
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Table 1. Clinical characteristics, molecular features, genomics
markers and Myeloid-associated antigens in B-ALL patients

IKAROS6 IKAROS6
Characteristic Positive (n=37) Negative (n=71)
No. % No. % p
Age, years 0.781
Median 30 36
Range 16-68 16-72
Sex 0.315
Male 22 59.5 35 49.3
Female 15 40.5 36 50.7
WBC count, x10°%/L 0.049
Median 13.7 12.6
Range 1.17-522.0 0.87-363.0
Hemoglobin , g/dL 0.132
Median 72.0 76.2
Range 32.8-122.0 27.0-140.0
Platelet count, x10°/L 0.557
Median 33.0 38.0
Range 3.0-252.0 2.2-279.0
Bone marrow blasts, % 0.238
Median 93.2 89.6
Range 32.49-99.5 31.0-99.2
Major ALL subtypes 0.879
Early precursor B-ALL 5 13.5 12 16.9
Common B-ALL 24 64.9 43 60.6
Precursor B-LL 8 21.6 16 225
Missing
Genomics Markers of Prognosis
Hyperdiploidy 0 0.0 1 1.4 0.739
Hypodiploidy 1 2.7 2 2.8 0.560
1(9;22)(q34;911.2) 16 43.2 14 19.7 0.010
t(v;11923) 3 8.1 4 5.6 0.933
1(1;19)(q23;P13.3) 0 0.0 3 4.2 0.350
Complex karyotype 4 10.8 7 99 0857
Normal karyotype 8 21.6 30 42.3 0.033
Other 5 13.6 10 141 0.935
BCR-ABL1 0.010
Positive 16 43.2 14 19.7
Negative 21 56.8 57 80.3
MLL 0.933
Positive 3 8.1 4 5.6
Negative 34 91.9 67 94.4
E2A-PBX1 0.350
Positive 0 0 4 5.6
Negative 37 100.0 67 94.4
Myeloid-associated Antigens 0.009
Positive 27 73.0 33 46.5
Negative 10 27.0 38 53.5

ALL, acute lymphoblastic leukemia; Myeloid-associated antigens: CD13, CD33,

CD15, MPO; WBC, white blood cells.
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scanning with the primers
used aforementioned. Ge-
nomic DNA was isolated by
using QlAamp DNA Blood Mini
Kit (QIAGEN, Germany). Geno-
mic gene scanning of IKZF1 A
4-7 was performed as de-
scribed by Caye et al. [25].

Genetic detection and phe-
notype

Bone marrow samples were
examined for common trans-
locations E2A-PBX1, TEL-
AML1, BCR-ABL1, and MLL-
AF4 by employing RT-PCR and
Real-time PCR. Other MLL
gene rearrangements were
detected by using fluores-
cence in situ hybridization
(FISH). Immunophenotype wa-
s identified by utilizing 4-color
flow cytometry.

Statistical analysis

The Kaplan-Meier (log-rank
test) and Cox proportional
hazards regression models
were used to calculate the
risk factors affecting overall
survival (0S), event-free sur-
vival (EFS) and relapse-free
survival (RFS). The distribu-
tions of prognostic factors in
subgroups were analyzed by
using x2 or Fisher’s exact test.
All tests were two-sided and
difference was considered to
be statistically significant
when a P<0.05. All statistical
analyses were performed
using SPSS 18.0 software
(Chicago, USA).

Results
Clinical features of patients

Ikaros6 was identified in 37 of
108 B-ALL patients (34.3%)
by RT-PCR (Figure 1A), then
we confirmed the results by
sequencing (Figure 1B) and
gene scanning (Figure 1C,
1D). |karos6 was predomi-
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Figure 2. Hierarchical cluster analysis on the basis of Ikaros6 associated signature in B-ALL. A. The distribution
of cytogenetic subgroups. The hierarchical cluster analysis was conducted on the principal chromosomal abnor-
malities observed in adult B-ALL according to NCCN Guidelines (2013): 1(9;22)(q34;911.2)/BCR-ABL1; t(v;11923)/
MLL rearranged; t(1;19)(q23;p13.3)/E2A-AML1; hyperdiploidy (51 to 65 chromosomes), hypodiploidy (<46 chro-
mosomes), complex karyotype (5 or more chromosomal abnormalities). Ikaros6 was intimately associated with the
presence of 1(9;22)(q34;q11.2). Because one patient with lkaros6+BCR/ABL1+ and the other with Ikaros6-BCR-
ABL1+ harbored other karyotypes, they were attributed to complex karyotype group. B. The pie charts showed,
among B-ALL patients positive for Ikaros6, differences in the distribution of principal chromosomal abnormalities
were found between patients expressing myeloid-associated antigens and those not expressing myeloid-associated

antigens.

nantly found in the common B-ALL subtype (24
of 37, 64.9%), whereas in the early precursor
B-ALL subtype and precursor B-ALL, only 5 (5 of
37, 13.5%) and 8 (8 of 37, 21.6%) were found
respectively according to NCCN guideline 2013
(Table 1). In all cases positive for Ikaros6, 22
were males and 15 females, with a median age
of 30 years. lkaros6 had no significant relation-
ship with age, gender, hemoglobin, PLT count,
bone marrow blasts and extra medullary inva-
sion (P>0.05), while it was correlated with WBC
count (13.7x10°%L versus 12.6x10°L, P=
0.049) (Table 1).

Association of Ikaros6 with cytogenetic, molec-
ular markers and myeloid-associated antigens

Diagnostic material from a total of 108 adult
B-ALL patients was available for cytogenetic
analysis. lkaros6 was principally found in high-
risk group (23 of 37, 62.2%) according to NCCN
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guideline (2013), especially in cases of Ph+ALL
(16 of 37, 43.2%). The frequency of Ikaros6 in
subjects with the normal karyotype was 21.6%
(8 of 37) and those with other unclassified chro-
mosomal abnormalities was 13.5% (5 of 37)
(Figure 2). lkaros6 was intimately associated
with the presence of BCR-ABL1 (16 of 37,
P=0.010). No significant correlation was
revealed between lkaros6 and MLL (P=0.933)
or E2A-PBX1 (P=0.350) (Table 1).

Four myeloid-associated antigens, CD13,
CD33, CD15, MPO, were detected by flow
cytometry. In all subjects, significant associa-
tions were observed between lkaros6 and
myeloid-associated antigens (27 of 37,
P=0.009) (Table 1). Of note, 12 of 16 (75.0%)
ALL patients positive for both Ikaros6 and BCR-
ABL1 expressed myeloid-associated antigens

(Figure S1).

Int J Clin Exp Med 2015;8(6):8497-8505
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Figure 3. Kaplan-Meier survival estimates for patients with B-ALL according to Ikaros6 status. A-C. Represented
overall survival (0S), event-free survival (EFS) and relapse-free survival (RFS) for this cohort of patients.
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Figure 4. Kaplan-Meier survival estimates for patients with B-ALL according to lkaros6 and BCR-ABL1. A-C. Repre-
sented overall survival (0S), event-free survival (EFS) and relapse-free survival (RFS) for BCR-ABL1+ patients and

BCR-ABL1- patients.

Minimal residual disease (MRD) detected by
gene scanning and real-time PCR

In this study, MRD was detected by using gene
scanning and real-time PCR in bone marrow
samples harvested from adults with Ph+ALL.
The MRD was monitored at four time points: ini-
tial diagnosis (point 1), partial remission (point
2), complete remission (point 3) and relapse
(point 4). Notably, Ikaros6 and BCR-ABL1 were
highly expressed at the first time point. When
the patient achieved CR, both levels decreased
to undetectable. Furthermore, the two genes
presented similar expression patterns at these
chosen time points (Figure S2).

Survival analysis

Among identified 108 patients with B-ALL, sur-
vival analysis was mainly performed in 96
cases due to 12 people receiving hematopoi-
etic stem cell transplantation. Note that 3 of
these 12 patients were detected lkaros6, and,
more remarkable, all of them had satisfied
overall survival and relapse-free survival.
Kaplan-Meier survival analysis revealed that
Ikaros6 was associated with inferior survival,
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and that estimated survival rate for lkaros6-
positive versus lkaros6-negative patients were:
0S, 32.4% versus 59.7% (P<0.001) (Figure 3A);
EFS, 23.5% versus 48.4% (P=0.001) (Figure
3B), and RFS, 19.0% versus 58.3% (P<0.001)
(Figure 3C). However, |lkaros6, BCR-ABL1 and
myeloid-associated antigens (MY) were strong-
ly correlated; therefore comparison of survival
by Ikaros6 expression was easily confounded
by BCR-ABL1 or MY. In order to solve this ques-
tion, the impact of Ikaros6 on survival would be
further explored in different subgroups.

Survival estimates for patients with |karos6
and/or BCR-ABL1

Patients were divided into four subgroups due
to the co-occurrence of Ikaros6 and BCR-ABL1.
The first subgroup included patients co-occur-
ring lkaros6 and BCR-ABL1, which seemed to
have the worst survival; cases in the second
and the third subgroup, which with Ikaros6+ or
BCR-ABL1+ seemed to have worse survival
than those in the fourth subgroup without nei-
ther of these two factors. Significant statistical
difference was found in RFS between
Ikaros6+BCR-ABL1+ patients and lkaros6-

Int J Clin Exp Med 2015;8(6):8497-8505
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Figure 5. Kaplan-Meier survival estimates for B-ALL patients according to lkaros6 and myeloid-associated antigens
(MY). A-C. Represented overall survival (OS), event-free survival (EFS) and relapse-free survival (RFS) for MY+ pa-
tients and MY-patients.

Table 2. Multivariable analyses for patients with B-ALL (COX regression model)

0S EFS RFS
Risk Factor HR 95% CI p value HR 95% CI p value HR 95% CI p value
Ikaros6 2.140 1.178-3.887 0.013 1972 1.136-3.424 0.016 3.636 1.598-8.273 0.002
Log,,\WBC 1.921 0.848-2.151 0.205 1.877 1.262-2.791 0.002 4.116 2.213-7.654 0.000
HB 0.993 0.980-1.006 0.293 0.995 0.984-1.007 0.440 0.986 0.968-1.004 0.130
BCR-ABL1 2.028 1.095-3.757 0.025 1.827 1.024-3.260 0.045 2.197 1.017-4.746 0.047

Myeloid-associated antigens 1.980 0.980-4.000 0.057 1.333 0.721-2.467 0.359 1.920 0.909-4.055 0.087

ALL, acute lymphoblastic leukemia; OS, overall survival; EFS, event-free survival; RFS, relapse-free survival; HR, hazard ratio; 95% Cl, 95% Confi-
dence intervals; Myeloid-associated antigens: CD13, CD33, CD15, MPO.

BCR-ABL1+ counterparts (P=0.035) (Figure
4C), while no difference in OS (P=0.093) and
EFS (P=0.052) were noted between the two
groups (Figure 4A, 4B). Moreover, lkaros6 has
a predictive value for inferior OS (P=0.013),
EFS (P=0.036) (Figure 4A, 4B) and RFS (P=
0.003) (Figure 4C) in BCR-ABL1- ALL.

Survival estimates for patients with lkaros6
and/or myeloid-associated antigens

Then patients were divided into four subgroups
due to the co-occurrence of Ikaros6 and
myeloid-associated antigens (MY). The first
subgroup included patients co-occurring
lkaros6 and MY, which seemed to have the
worst survival; cases with one of these two risk
factors had worse survival than those with
lkaros6- and MY-. Patients co-expressed
Ikaros6 and myeloid-associated antigens (MY)
had higher risk of relapse than those expressed
MY alone (P=0.038) (Figure 5C), but OS and
EFS showed no statistically significant differ-
ence between the two groups (Figure 5A, 5B).
Interestingly, among the patients without MY,
there was a significant difference in 0S
(P=0.019), EFS (P=0.010) (Figure 5A, 5B) and
RFS (P=0.039) (Figure 5C) between lkaros6+
patients and lkaros6-ones.
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Cox proportional hazards model

Multivariate analysis showed that Ikaros6 was
a significant marker for inferior OS, EFS and
RFS. Among a number of factors, including age,
sex, leukocyte count, hemoglobin, platelet
count, bone marrow blasts, Ikaros6, BCR-ABL1,
MLL rearrangements, E2A-PBX1, extra medul-
lary invasion and myeloid-associated antigens,
Ikaros6 was found to be significantly associat-
ed with OS (hazard ratio [HR], 2.140; 95% ClI,
1.178-3.887; P=0.013) , EFS (HR,1.972; 95%
Cl, 1.136-3.424; P=0.016) and RFS (HR, 3.636;
95% ClI, 1.598-8.273; P=0.002) (Table 2).

Discussion

Evaluation of relapse risk after the initial treat-
ment is critical for ALL patients. For many years,
risk stratification has been based on clinical
features, such as age, WBC count, and genetic
backgrounds [2]. In general, patients with BCR-
ABL1 and MLL gene rearrangements have poor
outcomes, but obviously these genetic changes
cannot be used for relapse prediction in all
patients [15]. It has been well known that
lkaros6, as a novel molecular marker, play an
important role of in prognosis estimates of
adult ALL. Furthermore, we have shown that

Int J Clin Exp Med 2015;8(6):8497-8505
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combinatory detection of lkaros6 and myeloid
associated antigens, as well as BCL-ABL1, play
a novel role in the recurrence prediction of the
B-ALL patients.

lkaros6, BCR-ABL1 and myeloid-associated
antigens were useful parameters to evaluate
the prognosis. On the basis of study, it indicat-
ed closed relation between these three factors.
Patients with B-ALL expressing myeloid-associ-
ated antigens were more likely to be positive for
Ikarosé6 or to have the BCR-ABL1 translocation.
Among them, 13 of 57 cases co-expressed
lkaros6, BCR-ABL1 and myeloid-associated
antigens. Theocharides AP et al. used a human-
ized experimental leukemia model to gain
insight into the important roles of BCR-ABL1
and k6 in AML that progress from myeloprolif-
erative neoplasm (MPN) [26]. In this study, it
showed that the more additional adverse fac-
tors patients harbored, the poorer prognosis
patients had. These interrelated factors would
play an important role in the transition or devel-
opment of diseases.

Consistent with previous literature [3], this
study showed that lkaros6 was identified in
34.3% of B-cell ALL and frequently present in
BCR-ABL1-positive ALL patients (53.3%). By
employing a number of detection methods
together, we dynamically examined the expres-
sion level of lkaros6 and BCR-ABL1. It showed
that the expression pattern of lkaros6 was syn-
chronized with that of BCR-ABL1, suggesting
that lkaros6 may serve as a valuable factor
reflecting tumor burden accurately and a reli-
able marker for MRD detection, which was con-
firmed by recent research [17, 25].

Several studies have shown that alterations of
IKZF1 were involved in the pathogenesis of
both BCR-ABL1-positive and BCR-ABL1-
negative ALL with poor outcome [4, 13-15].
Mullighan et al. suggested that IKZF1 deletions
were correlated to an increased frequency of
relapse and drug resistance, furthermore it
was independent of BCR-ABL1 and other risk
factors in children B-cell progenitor ALL [4]. Our
study demonstrated that in Chinese adult
B-ALL patients, the presence of lkaros6 was
associated with an inferior outcome. We fur-
ther discussed the impact of Ikaros6 on sur-
vival in different subgroups, in order to exclude
the interference of other factors, such as BCR-
ABL1 and myeloid-associated antigens. Sig-
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nificant increased relapse was observed in
patients co-expressing lkaros6 and BCR-ABL1,
as compared with cases positive for BCR-ABL1
alone, which was supported by previous result
[3]. The notion that Ikaros6 can serve as a good
predictor for inferior RFS in BCR-ABL1-negative
ALL was consistent with other opinions [4, 14,
27]. We concluded that Ikaros6, as an indepen-
dent adverse factor, could predict recurrence of
B-ALL.

The prognostic relevance of myeloid-associat-
ed antigens is controversial, but most studies
suggested that myeloid-associated antigens
expression was associated with poor prognosis
[20, 21]. In this study, patients co-expressed
lkaros6 and myeloid-associated antigens had
high risk of relapse. The same result was
obtained from patients who positive for Ikaros6
but not expressing myeloid-associated anti-
gens. Thus lkaros6 was an adverse factor for
RFS, which was independent of myeloid-associ-
ated antigens. Therefore Ikaros6 could serve
as an appropriate prognostic marker for RFS.
Furthermore, multivariate analysis confirmed
that Ikaros6 had a negative impact on survival
independent of other prognostic factors. It also
indicated that WBC and BCR-ABL1 were inde-
pendent factors with a strong adverse effect.
However, myeloid-associated antigens were
not showed to be an independent predictor of
survival.

In conclusion, we demonstrated that lkaros6
was highly expressed in BCR-ABL1-positive
cases and patients who exhibited myeloid-
associated antigens. There was a significant
correlation between BCR-ABL1, myeloid-asso-
ciated antigens and lkaros6. Ikaros6 was asso-
ciated with increased risk of relapse, which was
independent of BCR-ABL1 and myeloid-associ-
ated antigens. However, the more additional
adverse factors patients harbored the poorer
prognosis patients would have. Furthermore,
lkaros6 was an independent prognostic marker
negatively impacted on survival and a valuable
factor to evaluate the risk of relapse in Chinese
adult B-ALL.

Acknowledgements
This study was supported by National Science
Foundation of China (No. 81200382; 81270-

600; 81025011), “973” Program (2009CB5-
21806).

Int J Clin Exp Med 2015;8(6):8497-8505



IKAROSG6 indicates poor prognosis independently in B-ALL

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Min Xiao, Depart-
ment of Hematology, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and
Technology, Wuhan 430030, Hubei, P.R. China. Tel:
86-27-83662680; Fax: 86-27-83662681; E-mail:
xiaomin@tjh.tjmu.edu.cn

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

Payne KJ and Dovat S. |karos and tumor sup-
pression in acute lymphoblastic leukemia. Crit
Rev Oncog 2011; 16: 3-12.

Mullighan CG, Goorha S, Radtke I, Miller CB,
Coustan-Smith E, Dalton JD, Girtman K,
Mathew S, Ma J, Pounds SB, Su X, Pui CH,
Relling MV, Evans WE, Shurtleff SA and
Downing JR. Genome-wide analysis of genetic
alterations in acute lymphoblastic leukaemia.
Nature 2007; 446: 758-764.

Mullighan CG, Miller CB, Radtke I, Phillips LA,
Dalton J, Ma J, White D, Hughes TP, Le Beau
MM, Pui CH, Relling MV, Shurtleff SA and
Downing JR. BCR-ABL1 lymphoblastic leukae-
mia is characterized by the deletion of Ikaros.
Nature 2008; 453: 110-114.

Mullighan CG, Su X, Zhang J, Radtke |, Phillips
LA, Miller CB, Ma J, Liu W, Cheng C, Schulman
BA, Harvey RC, Chen IM, Clifford RJ, Carroll WL,
Reaman G, Bowman WP, Devidas M, Gerhard
DS, Yang W, Relling MV, Shurtleff SA, Campana
D, Borowitz MJ, Pui CH, Smith M, Hunger SP,
Willman CL, Downing JR and Children’s
Oncology G. Deletion of IKZF1 and prognosis in
acute lymphoblastic leukemia. N Engl J Med
2009; 360: 470-480.

Dovat S, Song C, Payne KJ and Li Z. lkaros,
CK2 kinase, and the road to leukemia. Mol Cell
Biochem 2011; 356: 201-207.

lacobucci |, Lonetti A, Messa F, Cilloni D, Arruga
F, Ottaviani E, Paolini S, Papayannidis C,
Piccaluga PP, Giannoulia P, Soverini S, Amabile
M, Poerio A, Saglio G, Pane F, Berton G, Baruzzi
A, Vitale A, Chiaretti S, Perini G, Foa R,
Baccarani M and Martinelli G. Expression of
spliced oncogenic lkaros isoforms in Phila-
delphia-positive acute lymphoblastic leukemia
patients treated with tyrosine kinase inhibi-
tors: implications for a new mechanism of re-
sistance. Blood 2008; 112: 3847-3855.
Feng J and Tang Y. Prognostic significance of
IKZF1 alteration status in pediatric B-lineage
acute lymphoblastic leukemia: a meta-analy-
sis. Leuk Lymphoma 2013; 54: 889-891.
Georgopoulos K, Bigby M, Wang JH, Molnar A,
Wu P, Winandy S and Sharpe A. The |karos

8504

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

gene is required for the development of all lym-
phoid lineages. Cell 1994; 79: 143-156.

Sun L, Liu A and Georgopoulos K. Zinc finger-
mediated protein interactions modulate Ikaros
activity, a molecular control of lymphocyte de-
velopment. EMBO J 1996; 15: 5358-5369.
Sun L, Goodman PA, Wood CM, Crotty ML,
Sensel M, Sather H, Navara C, Nachman J,
Steinherz PG, Gaynon PS, Seibel N, Vassilev A,
Juran BD, Reaman GH and Uckun FM.
Expression of aberrantly spliced oncogenic
ikaros isoforms in childhood acute lympho-
blastic leukemia. J Clin Oncol 1999; 17: 3753-
3766.

Sun L, Heerema N, Crotty L, Wu X, Navara C,
Vassilev A, Sensel M, Reaman GH and Uckun
FM. Expression of dominant-negative and mu-
tant isoforms of the antileukemic transcription
factor Ikaros in infant acute lymphoblastic leu-
kemia. Proc Natl Acad Sci U S A 1999; 96:
680-685.

Nakase K, Ishimaru F, Avitahl N, Dansako H,
Matsuo K, Fujii K, Sezaki N, Nakayama H, Yano
T, Fukuda S, Imajoh K, Takeuchi M, Miyata A,
Hara M, Yasukawa M, Takahashi |, Taguchi H,
Matsue K, Nakao S, Niho Y, Takenaka K,
Shinagawa K, lkeda K, Niiya K and Harada M.
Dominant negative isoform of the Ikaros gene
in patients with adult B-cell acute lymphoblas-
tic leukemia. Cancer Res 2000; 60: 4062-
4065.

Yang YL, Hung CC, Chen JS, Lin KH, Jou ST,
Hsiao CC, Sheen JM, Cheng CN, Wu KH, Lin SR,
Yu SL, Chen HY, Lu MY, Wang SC, Chang HH,
Lin SW, Su YN and Lin DT. IKZF1 deletions pre-
dict a poor prognosis in children with B-cell
progenitor acute lymphoblastic leukemia: a
multicenter analysis in Taiwan. Cancer Sci
2011; 102: 1874-1881.

Kuiper RP, Waanders E, van der Velden VH, van
Reijmersdal SV, Venkatachalam R, Scheijen B,
Sonneveld E, van Dongen JJ, Veerman AJ, van
Leeuwen FN, van Kessel AG and Hoogerbrugge
PM. IKZF1 deletions predict relapse in uni-
formly treated pediatric precursor B-ALL.
Leukemia 2010; 24: 1258-1264.

Waanders E, van der Velden VH, van der
Schoot CE, van Leeuwen FN, van Reijmersdal
SV, de Haas V, Veerman AJ, van Kessel AG,
Hoogerbrugge PM, Kuiper RP and van Dongen
JJ. Integrated use of minimal residual disease
classification and IKZF1 alteration status ac-
curately predicts 79% of relapses in pediatric
acute lymphoblastic leukemia. Leukemia
2011; 25: 254-258.

Martinelli G, lacobucci |, Storlazzi CT, Vignetti
M, Paoloni F, Cilloni D, Soverini S, Vitale A,
Chiaretti S, Cimino G, Papayannidis C, Paolini
S, Elia L, Fazi P, Meloni G, Amadori S, Saglio G,

Int J Clin Exp Med 2015;8(6):8497-8505


mailto:xiaomin@tjh.tjmu.edu.cn

[17]

(18]

[19]

[20]

[21]

[22]

IKAROSG6 indicates poor prognosis independently in B-ALL

Pane F, Baccarani M and Foa R. IKZF1 (Ikaros)
deletions in BCR-ABL1-positive acute lympho-
blastic leukemia are associated with short
disease-free survival and high rate of cumula-
tive incidence of relapse: a GIMEMA AL WP re-
port. J Clin Oncol 2009; 27: 5202-5207.

Yao L, Cen J, Chen S, Shen H, Chen Y, He J and
Chen Z. IK6 isoform with associated cytoge-
netic and molecular abnormalities in Chinese
patients with Philadelphia chromosome-posi-
tive adult acute lymphoblastic leukemia. Leuk
Lymphoma 2013; 54: 1626-1632.

Seegmiller AC, Kroft SH, Karandikar NJ and
McKenna RW. Characterization of immuno-
phenotypic aberrancies in 200 cases of B
acute lymphoblastic leukemia. Am J Clin Pathol
2009; 132: 940-949.

Pui CH, Rubnitz JE, Hancock ML, Downing JR,
Raimondi SC, Rivera GK, Sandlund JT, Ribeiro
RC, Head DR, Relling MV, Evans WE and Behm
FG. Reappraisal of the clinical and biologic sig-
nificance of myeloid-associated antigen ex-
pression in childhood acute lymphoblastic leu-
kemia. J Clin Oncol 1998; 16: 3768-3773.

Al Khabori M, Samiee S, Fung S, Xu W,
Brandwein J, Patterson B, Brien W and Chang
H. Adult precursor T-lymphoblastic leukemia/
lymphoma with myeloid-associated antigen ex-
pression is associated with a lower complete
remission rate following induction chemother-
apy. Acta Haematol 2008; 120: 5-10.

Fink FM, Koller U, Mayer H, Haas OA, Grumayer-
Panzer ER, Urban C, Dengg K, Mutz I, Tuchler
H, Gatterer-Menz | and et al. Prognostic signifi-
cance of myeloid-associated antigen expres-
sion on blast cells in children with acute lym-
phoblastic leukemia. The Austrian Pediatric
Oncology Group. Med Pediatr Oncol 1993; 21:
340-346.

Borkhardt A, Cazzaniga G, Viehmann S,
Valsecchi MG, Ludwig WD, Burci L, Mangioni S,
Schrappe M, Riehm H, Lampert F, Basso G,
Masera G, Harbott J and Biondi A. Incidence
and clinical relevance of TEL/AML1 fusion
genes in children with acute lymphoblastic leu-
kemia enrolled in the German and Italian mul-
ticenter therapy trials. Associazione Italiana
Ematologia Oncologia Pediatrica and the
Berlin-Frankfurt-Munster Study Group. Blood
1997; 90: 571-577.

8505

(23]

(24]

[25]

[26]

[27]

Yang XZ, Liu TB, Zheng J, Chen BY, Chen XJ,
Zheng XY, Li J and Hu JD. [Efficacy of
CALLG2008 protocol in treatment of adult
acute lymphoblastic leukemia: a single center
analysis]. Zhongguo Shi Yan Xue Ye Xue Za Zhi
2013; 21: 886-890.

lacobucci |, Lonetti A, Cilloni D, Messa F, Ferrari
A, Zuntini R, Ferrari S, Ottaviani E, Arruga F,
Paolini S, Papayannidis C, Piccaluga PP,
Soverini S, Saglio G, Pane F, Baruzzi A, Vignetti
M, Berton G, Vitale A, Chiaretti S, Muschen M,
Foa R, Baccarani M and Martinelli G.
Identification of different |karos cDNA tran-
scripts in Philadelphia-positive adult acute
lymphoblastic leukemia by a high-throughput
capillary  electrophoresis sizing method.
Haematologica 2008; 93: 1814-1821.

Caye A, Beldjord K, Mass-Malo K, Drunat S,
Soulier J, Gandemer V, Baruchel A, Bertrand Y,
Cave H and Clappier E. Breakpoint-specific
multiplex polymerase chain reaction allows the
detection of IKZF1 intragenic deletions and
minimal residual disease monitoring in B-cell
precursor acute lymphoblastic leukemia.
Haematologica 2013; 98: 597-601.
Theocharides AP, Dobson SM, Laurenti E,
Notta F, Voisin V, Cheng PY, Yuan JS, Guidos CJ,
Minden MD, Mullighan CG, Torlakovic E and
Dick JE. Dominant-negative |karos cooperates
with BCR-ABL1 to induce human acute myeloid
leukemia in xenografts. Leukemia 2015; 29:
177-87.

Den Boer ML, van Slegtenhorst M, De Menezes
RX, Cheok MH, Buijs-Gladdines JG, Peters ST,
Van Zutven LJ, Beverloo HB, Van der Spek PJ,
Escherich G, Horstmann MA, Janka-Schaub
GE, Kamps WA, Evans WE and Pieters R. A sub-
type of childhood acute lymphoblastic leukae-
mia with poor treatment outcome: a genome-
wide classification study. Lancet Oncol 2009;
10: 125-134.

Int J Clin Exp Med 2015;8(6):8497-8505



IKAROSG6 indicates poor prognosis independently in B-ALL

lkaros6

BCR-ABL1

Myeloid- associated antigens

Figure S1. Venn diagrams show the overlap of patients who expressed three risk factors. The region of overlap be-
tween all circles indicates the number of patients co-expressing all three risk factors. Regions of overlap between
two circles indicate cases co-expressing any two of three risk factors. Regions that do not overlap between circles
indicate patients expressing only one risk factor. There was a close correlation between lkaros6, BCR-ABL1 and
myeloid-associated antigens.
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Figure S2. The MRD was monitored by gene scanning and real-time PCR at four time points. The MRD was moni-
tored at four time points in 5 patients co-expressing BCR-ABL1 and lkarosé6: initial diagnosis (point 1), partial
remission (point 2), complete remission (point 3) and relapse (point 4). A. With GAPDH gene serving as an internal
control, Ikaros6 was discordantly expressed at four points, as was detected by gene scanning. B. Real-time PCR
showed the expressions of Ikaros6 and BCR-ABL1 when a segment of ABL gene was used as an internal control
(bottom panels).



