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ABSTRACT

Objective: To determine the frequency of Ikaros zinc finger protein 1 (IKZF1) gene deletions in patients with acute
lymphoblastic leukemia (ALL), and to assess their association with early hematological remission following induction
therapy.

Study Design: Cross-sectional study.

Place and Duration of Study: Armed Forces Bone Marrow Transplant Centre (AFBMTC) and Department of Haematology,
Army Medical College Rawalpindi, Pakistan, from Dec 2019 to Dec 2020.

Methodology: Bone marrow and peripheral blood samples from 44 newly diagnosed ALL patients were analyzed for IKZF1
deletions (exons A2-7, A2-8, A4-7, A4-8) using allele-specific PCR followed by Sanger sequencing. Day-29 hematological
remission was assessed morphologically and correlated with IKZF1 status. Statistical analysis was performed using Chi-
square and Mann Whitney U tests, with a p-value <0.05 being considered significant.

Results: IKZF1 deletions were detected in 8(18.2%) patients, predominantly among the B-cell subtype (18.4%). Deletion
variants included A2-7 (11.1%), A2-8 (22.2%), A4-7 (38.9%), and A4-8 (27.8%). Day-29 remission was achieved in 87.5% of
IKZF1-deleted and 94.4% of wild-type patients (p=0.46). The mean day-1 blast count was significantly lower in the deleted
group (p=0.042).

Conclusion: IKZF1 deletions were present in nearly one-fifth of patients with ALL, with A4-7 being the most frequent variant.
Although not significantly associated with early remission, their identification provides insight into the molecular profile of

Pakistani ALL patients.

Keywords: Acute Lymphoblastic Leukemia, IKZF1 Protein, Gene Deletion, Prognosis, Polymerase Chain Reaction.

How to Cite This Article: Anwar N, Khan SA, Akhtar F, Shahbaz N, Akram Z, Khattak TA, Ghafoor T, Nisa Q. Role of Ikaros Zinc Finger Protein 1
(IKZF1) Gene Deletion in Patients with Acute Lymphoblastic Leukemia. Pak Armed Forces Med ] 2026; 76(Suppl-9): S1438-51443.

DOI: https://doi.org/10.51253/pafmj.v76iSUPPL-9.12899

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Acute Lymphoblastic Leukemia (ALL) is a
hematologic malignancy that results from proliferation
of lymphoid precursor cells (lymphoblasts) in the bone
marrow.! It represents 75-80% of childhood leukemia
cases, but because of better treatment protocols,
survival rates are 80%.2 National Cancer Institute
estimated 6550 new cases of ALL in 2024 with, 1330
deaths. In adults, where ALL comprises about 20% of
leukemia cases, it presents heterogeneously due to
differences in biology, immunology, and genetics
compared to children.? This makes predicting survival
rates in adults challenging.*

Numerous clinical, laboratory, and genetic risk
factors contribute to the pathogenesis of ALL, and
their identification is essential for predicting treatment
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outcomes. At the end of induction treatment minimal
residual disease (MRD) is assessed by using
immunoglobulin and T-cell receptor gene analysis.
The risk of recurrence is closely linked to the level of
MRD 5 It is challenging to predict disease with higher
recurrence and mortality rates before treatment is
started. This necessitates need for reliable prognostic
markers that can aid the clinicians and pathologists to
plan appropriate treatment strategies.

Genomic analysis has identified the Ikaros zinc
finger protein 1 gene (IKZF1) deletions are significant
across all categories of ALL.” These genetic alterations
can be present at diagnosis or emerge during
significant disease events. When combined with MRD
status, IKZF1 deletions can predict relapse in many
ALL patients.?

This study aimed to determine the frequency of
IKZF1 gene deletions at diagnosis in our population
and correlate it with hematological remission on day
29.
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METHODOLOGY

This cross-sectional study was conducted from
Dec 2019 to Dec 2020, at the Armed Forces Bone
Marrow Transplant Centre and the Department of
Hematology, Army Medical College Rawalpindi,
Pakistan, after approval was obtained from the
Institutional Ethics Review Committee (ERC/ID/81).

Inclusion Criteria: Patients of all ages and either
gender, identified based on bone marrow morphology
and immunophenotyping were included.

Exclusion Criteria: Patients already undergoing
treatment, with refractory disease at the time of the
hospital visit, and those lost to follow-up were
excluded.

WHO calculator was used to calculate the
sample size keeping an anticipated population of 2.6%
for ALL, which came to 44.9 Informed consent was
acquired from all participants, and non-probability
consecutive sampling was used to collect data.

Peripheral blood and bone marrow samples from
newly diagnosed patients reporting to oncology units
were collected under sterile conditions. All patients
were assigned codes to maintain confidentiality.
Demographic, clinical, and laboratory data were
recorded. Diagnosis of ALL was based on lymphoblast
count/ morphology (>20%) on aspirate biopsy and
immunophenotyping by flow cytometry (B- cell type
was defined with CD10, CD19, CD79a expression and
T-cell with CD3, CD5 and CD?7). Cytogenetic analysis
was part of routine workup and included the Giemsa
trypsin banding method. The molecular analysis
involved BCR-ABL1 transcripts, E2A-PBX1, TEL-
AML1, and MLL rearrangements. Peripheral blood
counts and bone marrow morphology assessments
were conducted on days 8, 15, and 29 respectively.
Other baseline investigations were done to assess the
central nervous system (CNS), myocardial, and
testicular involvement.

Patients were assigned risk groups for the
selection of treatment protocols and treated uniformly
with United Kingdom Acute Lymphoblastic Leukemia
(UKALL) -14 for adults and UKALL-11 protocols for
pediatric age groups, once diagnosed. Induction
therapy with standard doses of vincristine,
daunorubicin, dexamethasone, and L-asparaginase
was given to patients according to protocols they fit in.
Those with BCR-ABL1 transcript received Imatinib
therapy. Intrathecal methotrexate for CNS prophylaxis
was part of the regimen.

Complete remission was defined as leukemic
blast count less than 5% of nucleated blood cells with
the revival of cell lines (neutrophils 0.75 x 10 9 /1 and
platelets to 75 x 10 9/1). No remission at end of
induction therapy warrants refractory disease and
relapse was marked as the re-emergence of
lymphoblasts in primary sites.

For IKZF1 gene deletions detection, 03 ml of
ethylene diamine tetra acetic acid (EDTA) mixed
peripheral/bone marrow blood sample were used.
DNA was extracted using Gentra Puregene kit as per
provider’s protocol. Conventional PCR was done for
detection of deletions in IKZF1 exons (2-7, 2-8, 4-7and
4-8) with Applied Biosystems using allele-specific
primersl8 followed by 2% gel electrophoresis.
Sequence and annealing temperatures of primers used
in PCR are given in Table-I. PCR Samples that showed
amplified bands were subjected to Sanger sequencing
to reconfirm deletion patterns. Thermo-scientific Gene
JET PCR purification Kit (K0701) was used for the
initial purification cycle, followed by cycle sequencing
on BigDye™ Terminator v3.1 Cycle Sequencing Kit
using standard protocols. DNA was sequenced using
Genetic Analyzer ABI 3500 GA.

Table-I: Sequencing and Annealing Temperatures of Primers used
in Polymerase Chain Reaction

Annealing

Exon Base Pair Sequence
Temperatures

F2A-5-
ACTACAGAGACTTCAGCTCTATTCCATTTC
-3

F2B- 5~ .
A7 TGATTTGGATGTGTGTGTTTCATGCGTGG- 61°C
>
R7-5-
AGGGACTCTCTAGACAAAATGGCAGGA-3

F2A-5'-
ACTACAGAGACTTCAGCTCTATTCCATTTC
3
A2-8 F2B-5'- 58°C
TGATTTGGATGTGTGTGTTTCATGCGTGG-
3
R8- 5-CCTCCTGCTATTGCACGTCTCGGT-3’

F4-5'-
Ad7 CTTAGAAGTCTG(?{/;_GST_CTGTGAAGGTOS 59°C
AGGGACTCTCTAGACAAAATGGCAGGA-3'

F4-5'-
A4-8 CTTAGAAGTCTGGAGTCTGTGAAGGTC-3 59.5°C
R8- 5-CCTCCTGCTATTGCACGTCTCGGT-3’

F- 5GTGGGGCGCCCCAGGCACCA-3"
R-5GTCCTTAATGTCACGCACGATTTC-3

B-actin
(540bp)

5 min at 95°C,
1 min at95°C,

1 min at 61°C,
1.5minat72°C,
3 minat72°C,

4 °C - infinite hold.
35 cycles

Thermocycling
Conditions
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Data were analyzed using Statistical Package for
Social Sciences (SPSS) version 24. Variables were
assessed for normality using the Shapiro-Wilk test.
Quantitative variables included age, hemoglobin, total
leukocyte count, platelet count, and day-1 blast
percentage/count. Hemoglobin showed a normal
distribution and is summarized as MeantSD. Age,
total leukocyte count, platelet count, and day-1 blast
percentage/count were non-normally distributed and
are presented as median with interquartile range.
Comparisons between groups (wild-type vs deleted)
were performed using Mann-Whitney U test for non-
normally distributed variables. Categorical variables
were compared using the Chi-square test or Fisher’s
exact test, as appropriate. All tests were two-tailed,
and a p-value <0.05 was considered statistically
significant.

RESULTS

A total of 44 patients with Acute Lymphoblastic
Leukemia (ALL) were included in this cross-sectional
study. The median age at diagnosis was 5.3 years
(range: 1.6-65 years), with a male predominance
across all age groups; 16 patients (36.4%) were female,
resulting in a male-to-female ratio of 1.75:1. The
median total leukocyte count (TLC) at presentation
was 14.4 x10°/L (IQR: 41.25), reflecting marked
variability consistent with the wide clinical range
observed (1.2-996 x10°/L). Immunophenotyping
revealed that 38 patients (86.4%) had B-cell ALL (B-
ALL), while 6 patients (13.6%) had T-cell phenotype
(T-ALL/T-LBL). Cytogenetic analysis identified the
Philadelphia chromosome translocation in two
patients. Baseline clinical and laboratory parameters of
the study participants are summarized in Table-II.

IKZF1 deletions were detected in 8(18.2%) of the
44 patients with Acute Lymphoblastic Leukemia.
Among paediatric patients, deletions were observed in
7 of 39 cases (17.9%), while 1 of 5 adult patients
(20.0%) demonstrated IKZF1 deletion. Wild-type
IKZF1 status was identified in 36 patients (81.8%). The
distribution of IKZF1 deletions across
immunophenotypic subtypes is presented in Table-III.
Deletions were identified in 7 of 38 B-ALL cases
(18.4%) and 1 of 6 T-ALL cases (16.7%). No statistically
significant association was observed between IKZF1
deletion status and age group (p=0.46) or
immunophenotype (p=0.66).

IKZF1 deletions were identified in 8(18.2%) of the
44 patients. Among these deletion-positive cases, a
total of 18 distinct IKZF1 deletion patterns were

detected, indicating the presence of multiple deletion
events within individual patients. The distribution of
deletion patterns included A4-7 in 7 events (38.9%),
A2-8 in 4 events (22.2%), A2-7 in 2 events (11.1%), and
A4-8 in 5 events (27.8%). The distribution of IKZF1
deletion  patterns across age groups and
immunophenotypic subtypes is summarized in Table-
IV. All deletion patterns detected by PCR were
subsequently confirmed by Sanger sequencing,
corroborating the initial gel electrophoresis findings.

Table-1I: Characteristics of Patients with Acute Lymphoblastic
Leukemia (n=44)

Variable Distribution (n=44) n
(%)
Gender
Male 28(63.6)
Female 16(36.4)
Age (years), Median (IQR) 5.3(8.8)
Total Leucocyte Count (x10°/L), Median (IQR) 14.4(41.2)
Haemoglobin (g/dl), Mean + SD 8.96+ 2.5
Platelet count (109/ul), Median (IQR) 55(98.8)
Cytogenetics (n=31)
Normal 26(84)
Abnormal 5(16.1)
Genetics (n=7)
BCR-ABL 1 2(28.6)
TEL 3(42.9)
E2A 1(14.3)
MLL 1(14.3)
Risk group
High 26(59.1)
Low 18(40.9)
IKZF1
Deletion 8(18.2)
Wild -type 36(81.8)
Remission Status achieved (with blast count)
Day8 1(2.3)
Day 15 9(20.5)
Day 29 41(93.2)
Outcome (30 days)
Under Treatment 41(93.2)
Refractory 2(4.5)
Relapsed 0
Expired 12.3)

*IKZF1: Ikaros Zinc Finger Protein 1, BCR-ABL: Breakpoint Cluster Region -
Abelson 1, TEL: Translocation ETS Leukemia, E2A: E2A transcription factor, MLL:
Mixed Lineage Leukemia

Table-III: Association of Ikaros Zinc Finger Protein 1 (IKZF1)
Deletion Status with Age Group and Immunophenotyping in
patients with Acute Lymphoblastic Leukemia (n= 44)

IKZF1 IKZF1
. Total | Deletion Wild- -
Variable Category /) Present e valiue
n (%) n (%)
Age Group Paediatric 39 7(17.9) 32(82.0) 0.46
Adult 5 1(20.0) 4(80.0)
Immunophenotype B-ALL 38 7(18.4) 31(81.6) 0.66
T-ALL 6 1(16.7) 5(83.3)
Total 44 8(18.2) 36(81.8)

*IKZF1: Ikaros Zinc Finger Protein 1, B-ALL: B-cell Acute Lymphoblastic Leukemia,
T-ALL: T-cell Acute Lymphoblastic Leukemia
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Comparison between the IKZF1 deleted and
wild-type groups revealed no statistically significant
differences in baseline demographic or clinical
variables, except for day-1 blast count, which differed
significantly between groups (p=0.042; Table-V). Day-1
blast count was significantly different between the
IKZF1 deleted and wild-type groups (median [IQR]:
57 [65] vs. 83.5 [27], p=0.042). Hematological remission
on day 29 was achieved in 7 of 8 patients (87.5%) in
the IKZF1 deleted group compared to 34 of 36 patients
(94.4%) in the wild-type group, with no statistically
significant difference (p=0.46). At 30 days, a higher
proportion of patients in the wild-type group (94.4%)
remained under treatment compared to the deleted
group (87.5%). One patient in the IKZF1 deleted group
expired during follow-up, while no deaths were
observed in the wild-type group.

Table-V: Comparison of Clinical and Laboratory
Characteristics between IKZF1 Wild-Type and Deleted
Groups (n = 44)

. Wwild: ;yg)z)(n 36) |IKZF1 ]ie(l;:)ed (n 8)| povalue
Gender
Male | 21(58.3%) | 7(87.5%) | 0120
Female 15(41.7%) 1(12.5%) |
Total Leucocyte Count
x109/1 o
250 9(25%) ;g;:"ﬁ; 0.40
<50 27(75%) i
Immunophenotyping
B-ALL 31 (86.1 %) 7(87.5 %) 0.700
T-ALL 5(13.9 %) 1(12.5 %) |
Median Blast count Day 1 83.5 (27) 57(65) 0.042
Risk group
High | 20(55.6 %) 6(62.5 %) | 0.200
Low 16(44.4 %) 2(37.5 %) i
Response rate
Slow | 9(25%) 2(25%) | 0.687
Rapid 27(75%) 6(75%) |
Remission Day 29
Yes 34 (94.4%) 7(87.5%)
No | 2(5.6%) | 1(125%) | 0460
Outcome (30days)
Under Treatment 34 (94.4%) 7(87.5%)
Refractory 2 (5.6%) -
Relapsed - - 0.080
Expired 1(12.5%)

* IKZF1: Ikaros Zinc Finger Protein 1, BLL: B-cell Acute Lymphoblastic Leukemia, T-ALL: T-cell
Acute Lymphoblastic Leukemia

DISCUSSION

Genetic alterations are the hallmark of
pathogenesis in ALL. One study highlighted the role
of the IKZF1 gene in lymphoid development.l® The
deletion of exons in the gene is commonly responsible
for initiating relapses and reducing the survival index
of all ages.!! Given its role in risk stratification among
ALL patients, this study aimed to determine the
prevalence of IKZF1 gene deletions in our ALL
population and assess their impact on remission
status.

In this study, we analyzed 44 bone marrow
samples of newly diagnosed B and T-ALL patients and
detected deletions in 18.2%. Male predominance was
noted in all ages and also documented by earlier
studies.?12 Higher incidence of disease and deletion
status in age groups less than five years was due to
more participants from this age category. It was unlike
the findings of a previous study, which reported them
more in ages 10-18years.!? Patients with deletions
exhibited higher median leucocyte counts and was
also seen in previous literature.1213

The prevalence of deletions was 18.42% in B-ALL
cases comprising of all ages and risk categories. The
incidence of deletion in our pediatric (18.2%)
population was close to data from Mexico.’* Studies
conducted in Japan, Taiwan, and Germany observed a
lower number of cases with IKZF1 deletions (9.4%,
10.7%, and 12% respectively) unlike data generated
from Northern India, which showed 24 % of the
pediatric  population with different deletion
patterns.81113,15

Our cohort had a small number of elderly
participants. Among them, we
identified IKZF1 deletion in less than a quarter of
cases, which contrasts with other studies (27- 47%).8

The published prevalence of IKZF1 deletions
in BCR-ABL1 positive B-ALL is much higher and
ranges from 63-83.7% irrespective of age category
category.®16 Few elderly participants, a small number
of Philadelphia chromosome-positive B-ALL cases
(n=2), and wild-type pattern in our observation
suggests no adequate comparison of this subtype in.
Whether these deletions (if found later) will affect the
response to TKI based therapy in our population or
not can only be understood if larger cohorts are
included in future studies.

T-ALL patients in our cohort showed one patient
with deletion pattern. This finding has attracted
attention from quite a few researchers in the past and
linked with poor prognosis in all age groups.®16

Deletions in the IKZF1 gene can be divided into
functional categories depending on the number of
exons deleted. Based on our analysis, we identified an
overall eight patients with different deletions patterns,
of which dominant-negative (A4-7) were the highest
found (38.9%). Multiple studies that comprised of
similar cohorts reported the predominance of this
variant.1”18 We observed an almost equal share of
deletion variants in our younger population.
Investigation of this can happen in larger cohorts,
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where a true prevalence of these variants, can be
established in our ALL population.

Validated researches show the clinical utility of
assessing remission status at day 15 and 29, in patients
with ALL and delayed response, subjects them to
more intense chemotherapy protocols.!® Therefore, we
assessed the early response to treatment in our group.
In our IKZF1 deleted group, all achieved complete
remission assessed on Day 29 on bone marrow
morphology. More wild-type variants (94.4%)
successfully moved on to the consolidation phase, as
compared to the deleted group (87.5%). MRD status
detected higher levels of residual disease (>1%) at day
29 in patients with IKZF1 deletion through
immunophenotyping.20 This may explain our findings
of complete remission in our IKZF1 deleted patients
who underwent morphological assessment only. No
deaths were observed in the wild-type group, unlike
deleted groups where one death occurred with-in two
weeks of the start of therapy. The rest (of the
members) in the IKZF1 deleted group were still under
treatment till the end of the study period. No relapse
was documented.

LIMITATIONS OF STUDY

Our limitations include a short duration, limited
financial resources, and a small sample size. Our study does
not provide insight into the exact impact of IKZF1 deletions
on long-term response and survival.

CONCLUSION

We conclude that IKZF1 deletion is prevalent in our
ALL population and deleted group exhibited insignificant
lower remission rates than the wild-type group. The
prognostic significance of the IKZF1 gene cannot be
conclusively established from this analysis alone.
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