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ABSTRACT: The clinical implications of cohesin gene complex mutation in acute myeloid leukemia (AML) are not
well characterized. In the present study, a cohort of 152 de novo unselected adult AML patients underwent conven-
tional and molecular cytogenetic analysis for chromosomal aberrations. Further, we examined the frequency and clinical
implications of mutations in cohesin gene complex STAG1, STAG2, RAD21, SMC1, and SMC3 using whole exome
sequencing as a pilot study in 10 de novo patients with AML-FAB M2. Among the 10 cases, we identified a function-
ally heterozygous mutation in exonl6 of STAGI in one patient (10%), however no mutation was observed in STAG2,
RAD21, SMCI1, and SMC3. Sanger sequencing analysis for exon 16 of STAG]1 in the remaining 142 AML cases did not
reveal any further mutations, which underlined the observation that mutations took place throughout the cohesin gene
complex without presence of a mutational hot spot region. The present study identified a positive correlation between se-
rum bilirubin, LDH, and hematological parameters such as Hb, WBC, and platelet count with STAG1 mutation. Our data
suggest that the cohesin complex may represent an attractive therapeutic target for future preclinical and clinical studies.
However, more studies with a larger number of patients should be performed prospectively to determine the pathogenic
involvement of STAG 1 mutation in AML patients.

KEY WORDS: whole exome sequencing, cohesin, STAG1/2, mutations, acute myeloid leukemia, cytogenetics

I. INTRODUCTION

The advent of Next Generation Sequencing (NGS)
techniques in cancer biology research has led to
new insights into the molecular landscape and het-
erogeneity of acute myeloid leukemia (AML). Re-
cent advances in high-throughput techniques have
significantly enhanced our knowledge in identifi-
cation of genes being mutated that were not previ-
ously implicated in AML patients.!* Similar to other
myeloid neoplasms, AML is a biologically complex
and clinically heterogeneous disease characterized
by clonal expansion of myeloid progenitors (blasts)
in the bone marrow/peripheral blood through the
acquisition of chromosomal rearrangements and

multiple gene mutations. The molecular pathogen-
esis of acute myeloid leukemia (AML) has not yet
been completely defined; its incidence is increasing
as the population ages. AML remains a disease with
poor outcome with a median overall survival (OS)
of less than one year for older patients.**

Currently, cytogenetic abnormalities, molecular
diagnostics, and mutational screening play a major
role in prognostic stratification and effective treat-
ment strategies for AML. Clinical guidelines for
AML recognize three groups of cytogenetic risk,
which include favorable, intermediate, and poor risk
group. Although, AML genomes contain hundreds
of mutations, small number of mutations were found
to be recurrent.®
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Accumulating evidence indicates that the mu-
tations in the cohesin multi-protein complex are
strongly associated with AML and represent a novel
genetic pathway for AML.” In humans, the cohesin
complex is composed of four primary subunit pro-
tein complex: i) SMC1 (structural maintenance of
chromosomes protein 1A); ii) SMC3 (structural
maintenance of chromosomes protein); iii) RAD21
(double-strand-break repair protein rad21 homolog);
and iv) either STAG-1 or STAG-2 (cohesin subunit
SA1/2) and four regulatory subunits [WAPL (wings
apart-like protein homolog), CDCAS (soronin), and
PDSS5A or PDS5B (sister chromatid cohesin protein
PDS homolog A and B)], which are responsible for
holding sister chromatids together during metaphase
and enabling proper segregation of sister chromatids
into two daughter cells during cell division.® Apart
from this, cohesin ring is responsible for many dif-
ferent cellular processes, including facilitation of
spindle attachment onto the chromosomes, chro-
mosome condensation, heterochromatin formation,
facilitation of DNA repair by recombination, and
transcription regulation.*!°

Cohesin components containing STAG-1 and
STAG-2 have distinct roles in mediating chromatid
cohesin. STAG-1 is required for telomere cohesin
and STAG-2 is uniquely required for the centro-
meric cohesin.''""* However, the exact functional
differences between the two mutually exclusive
components STAG-1 and STAG-2 are yet to be
documented. Mutations in the cohesin-components
have already been described and there has been a
link between these mutations and chromosomal in-
stability." It is known that, germline cohesin mu-
tations during human development lead to growth
and developmental disorders referred as cohesin-
opathies represents importance of cohesin genes in
the pathogenesis of human disease.'>'® Several re-
ports have identified that genes encoding cohesin
complex are somatically mutated in a wide range
of adult and pediatric (human) cancers especially,
in myeloid neoplasms, recurrent mutations and de-
letions have been detected.!”!® Interestingly, recent
studies demonstrates identification of genes in the
cohesin complex have been described as novel mu-
tations occurring in ~ 13% of AML cases.!” How-
ever, the impact of cohesin complex mutations and
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identifying their functional role remains to be a ma-
jor scientific challenge.

Though extensive mutational analysis of large
cohort of general AML cases were studied globally,
we designed this research analysis as a pilot study
to carry out the whole exome sequence analysis
(WES) of 10 AML-FAB M2 cases from the cohort
of 152 AML cases. The basis for inclusion of pa-
tients in the study was (i) to better understand about
the incidence of cohesin gene complex mutations in
a specific AML FAB subtype; (ii) to maintain homo-
geneity among the AML subgroups which include
a uniform treatment protocol. Ten de novo patients
with AML-FAB M2 subgroup were chosen ran-
domly from the cohort of 152 cases (5 cases with
t(8;21) [favorable risk group]; five cases with Nor-
mal Karyotype [intermediate risk group]) were se-
lected; (iii) to check the identified STAG1 (exonl16)
mutation that was recurrent. The mutational regions
were assessed in the remaining 142 cases using
Sanger sequencing; and (iv) to check the prognostic
impact of mutations in the cohesin complex among
the 10 AML-M2 cases. Therefore, the outcome of
this study will help to elucidate the clinical char-
acteristics of de novo patients with AML harboring
cohesin complex mutations with respect to cytoge-
netics, treatment response, and clinical outcome.

Il. MATERIALS AND METHODS

A. Patient Cohorts

This study population included 152 patients, of
which 78 were males and 74 females (ratio 1.05:1),
with median age 48 years ranging from 16 to 78
years. The frequently used French-American-Brit-
ish (FAB) classification of AML splits this leukemia
disease into 8 different subtypes (i.e., MO-M?7, based
on the type of cell from which the leukemia devel-
oped and depending on the degree of maturity of
the cell). Diagnostic bone marrow (BM) or periph-
eral blood (PB) samples were analyzed from these
adult de novo patients with AML French-American
British classification MO-M7. These patients were
treated at the Medical Oncology Clinic, Regional
Cancer Centre, Thiruvananthapuram, Kerala, India.
Written informed consent for research purpose was

Journal of Environmental Pathology, Toxicology and Oncology



Cohesin Component STAG1 Mutation in de novo AML

obtained from all the patients in accordance with the
Declaration of Helsinki protocol. The studies were
approved by the Human Ethics Committee (HEC
No: 16/2016) and Institutional Review Board (IRB
No: 04/2016/02) of Regional Cancer Centre before
its initiation. Clinical parameters studied include
age, gender, blood counts (WBC, bone marrow/
peripheral blast percentage, hemoglobin, and plate-
let count), LDH level, and overall survival (OS) of
these patients.

B. Cytogenetic and Molecular Analysis

Pretreatment specimens from all patients were stud-
ied by Giemsa banding (G-Banding) analysis (ASI-
Band View software, Applied Biosystems, Foster
Hill, CA, USA). Chromosomal abnormalities were
described according to the International System for
Human Cytogenetic Nomenclature. Cytogenetic risk
stratification was established according to the refined
Medical Research Council (MRC) criteria. Fluores-
cence in situ hybridization (FISH) analysis were also
performed to determine the recurrent abnormalities
[t(8;21), (15;17) (DCDF probe) and inv (16) (break
apart probe)] associated with FAB subtypes M2, M3,
and M4, respectively (using Vysis probes; Abbott
Molecular Vysis, Des Plaines, IL, USA).

C. Pilot Study

Separately, this study was designed to determine
the correlation between Cohesin gene complex mu-
tations and clinical characteristics of patients with
de novo AML-M2 subtype, and its association with
the prognosis of AML-M2. Generally, AML-M2
subtype comprises 10%—15% of all AML cases and
26% of total population (39 out of 152 patients) in
this present study. As described earlier, to maintain
homogeneity among the AML cases which include
uniform treatment protocol, we had randomly cho-
sen 10 de novo AML-M2 patients as a pilot study
to screen Cohesin gene complex mutations using
NGS analysis. By cytogenetic analysis, t(8;21) is
often found in this subgroup, hence 5 patients with
t(8;21) and negative, respectively, were included in
this study. Clinical parameters and overall survival
(OS) of these patients were studied.
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D. Analysis of Cohesin Mutations Using
Whole Exome Sequencing Method

Pretreatment BM specimens were enriched for
mononuclear cells by using Ficoll density gradi-
ent centrifugation. Genomic DNA (gDNA) was
extracted from cryopreserved mononuclear cells
by using a Xcelgen blood gDNA mini kit (cat no.
XG2311-01) according to the manufacturer’s in-
structions. For whole exome sequencing, 50 ng of
DNA was digested using restriction enzymes, fol-
lowed by targeted probe enrichment. Paired-end
indexed libraries were prepared using HaloPlex
Exome Target Enrichment System (Agilent Tech-
nology, Santa Clara, CA, USA) as per manufactur-
er’s instruction. The 37 Mb of protein coding exonic
sequences were enriched using specific probes sup-
plied with the kit. Capture libraries were pooled at
equimolar concentrations and loaded onto paired
end flow cells at concentrations of 10 pM to gener-
ate clusters following Illumina’s standard protocol
using Hiseq Rapid cluster kit. Then the flow cells
were sequenced as 2 X 150 paired end reads on Illu-
mina HiSeq 2500 (Illumina, San Diego, CA, USA)
at Xcelris Genomics (Ahmedabad, Gujarat, India;
www.xcelrisgenomics.com).

E. Data Analysis and Annotation

After sequencing, the exonic sequence data was
subjected to an in-house framework of bioinfor-
matics pipeline (BWA-GATK) for the detection
of cohesin mutations (STAG1, STAG2, RAD21,
SMC1, and SMC3) in the target regions, which
was very well established at the Xcleris Labs Lim-
ited (Ahmedabad, India). The data analysis was
mainly focused on 5 standard analytical steps: raw
data quality assessment, pre-processing, align-
ment, post-alignment processing, and variant
analysis (variant detection, annotation, and prior-
itization) as described by Bao et al.*® Thus, raw
data obtained from Illumina Hiseq 2500 was first
checked for base quality to remove low quality
bases and to remove adapter sequences to obtain
high quality (HQ) clean data. These filtration pro-
cesses was carried out using a Trimmomatic tool
(v0.30). Further alignment of these HQ data on to
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human reference genome (hg19) was implemented
using BWA (v0.7.12). After mapping, 3 recom-
mended steps involving duplicate read removal,
indel realignment, and base quality score reca-
libration (BQSR) were carried out using Picard-
tools (v1.60) and GATK (v3.5).2"2 These steps
minimize the sequencing artifacts and false posi-
tives which could affect downstream variant call-
ing. Depending on the targeted regions enriched
with 37 MB library kit, in each sample approx-
imately 30,000 to 50,000 variants (SNPs) were
called using Bayesian model in Unified Genotyper
tool. Variant calling was restricted to the target
regions interval list. Variants with > ~ 90% truth
sensitivity and optimal quality scores were further
filtered based on various criteria. Whole exome
sequencing-based variants passing all the filtration
criteria based on QualByDepth (< 2.0), Strand bias
(> 60/> 200), Mapping quality (< 40.0) and Read
position (< —8.0/<—-20.0), respectively, relevant to
SNPs were annotated as either PASS or specific
filter name. Final filtered variants were annotated
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against multiple databases (RefGene, ClinVar,
1000G, ESP6500vi2, ExAC, COSMIC, dbNSFP)
using ANNOVAR.* Mutations or variants that are
in intronic (non-coding) regions of the genome
were not covered in the 37 MB exome library kit.
During annotation, all synonymous SNPs or syn-
onymous variants were not considered for further
interpretation and only non-synonymous SNPs/
variants which have known to be pathogenic were
interpreted in this study. Candidate pathogenic
variants identified were validated and are only re-
ported if they were detected by Sanger sequenc-
ing in the gDNA sample. The flowchart of whole
exome sequencing methodologies followed in the
study is represented in Fig. 1.

F. Statistical Methods

Data was analyzed using Statistical Package for the
Social Sciences (SPSS) Software version 21. Quan-
titative variables were summarized using mean
(range). For continuous variables we used Student’s
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t-test and Mann-Whitney U test. Qualitative data
were summarized with frequencies and percentages.
The Kaplan-Meier survival and log-rank test were
used estimate the overall survival (OS). OS up to
one year was calculated from the time of diagno-
sis (i.e., date of first referral) to date of death (un-
censored) or last follow-up (censored). P-value of
< 0.05 was considered statistically significant. The
Cox proportional Hazard model was performed to
assess the contribution of each independent factor
to the probability of survival. Fisher’s exact test and
Chi-Square test were used to compare the pretreat-
ment characteristics between AML-FAB M2 with
t(8;21) and AML-FAB M2 with Normal Karyotype
(NK).

lll. RESULTS

A. Clinical Characteristics of AML Patients

The clinical and hematologic parameters such as
age, gender WBC count, platelet, Hb, BM blast, PB
blast, and LDH levels were analyzed between pa-
tients with AML M2 and all other subtypes of AML.
However, the current study failed to find any signifi-
cant relationship between these parameters with any
of the AML subtypes. Similarly, it was also unable
to portray any significant relationship between AML
M2 cases with t(8;21) and AML M2 cases with nor-
mal karyotypes in any of the above clinical and he-
matologic parameters as details shown in Tables 1
and 2.

B. Cytogenetic Abnormalities of AML
Patients

In our cohort of 152 patients, karyotype was carried
out in 131 patients (86.18%). Due to unavailabil-
ity of good quality metaphase, karyotype analysis
failed in 21 cases. Among the 131 patients, 88 pa-
tients were identified as cytogenetically normal
(CN). In cytogenetically abnormal group, the most
frequent abnormality was t(8;21)(q22;q22) iden-
tified in 13 cases (8.55%) followed by t(15;17)
(922;921) in 8 cases (5.26%), inv(16) in 3 cases
(1.97%). Apart from these normal and recurrent
chromosomal aberrations, 11 patients (7.24%) with
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numerical abnormalities (+4, +8 in 2 cases, +16,
+21, hyperdiploids in 3 cases, and polyploids in 3
cases), 4 patients (2.63%) with structural abnor-
malities [del(4q), del(7q), dup(11q) and dup(21q)]
were identified. Among the 13 patients with t(8;21)
(922;922), 5 patients were identified to have loss
of sex chromosome (-X in 2 case and -Y in 3 case)
(Fig. 2A and B).

C. Rare Chromosomal Abnormalities
Identified in AML-M2 Subtype

Rare chromosomal aberrations could be detected in
a substantial proportion of AML, which are mainly
associated withunfavorable prognosis. Fourpatients
(2.63%) with rare abnormalities were identified (i)
46,XY,i(17)(q10), (ii) 46,XY,t(7;11)(p15;923), (iii)
45,XY,der(21)t(8;21)(q22;922),-22, (iv) 46,XX,
der(13)t(8;21;13),der(21)t(13;21). Another signifi-
cant finding of this study included most of the nu-
merical and additional abnormalities identified in
AML-M2 sub type.

D. Cohesin Gene STAG 1 Mutation in
AML-M2 FAB Subtype

In our cohort, a total of 10 de novo patients with
AML-M2 subgroup from the cohort of 152 cases
(5 cases with t(8;21) [favorable risk group] and 5
cases with Normal Karyotype [intermediate risk
group]) were selected and screened for cohesin
gene complex mutation. No mutation was identi-
fied in STAG2, RAD21, SMC1, and SMC3, except
STAGI1. Only one case harboring STAGI mu-
tation was identified from the selected AML-M2
FAB 10 cases. STAGI1 gene is autosomal located
in chromosome 3 region 3q22.3. The patient had
a functionally heterozygous mutation for STAGI
(missense; [nucleotide change: ¢.1577T>C, amino
acid change:p.I526T] shown in Fig. 3A-E). The
same mutation was recently reported by Thol
et al.”” in an AML patient. In order to check that
the mutation was recurrent, the STAG1 mutation
(exonl6) region was screened using Sanger se-
quencing in the remaining 142 cases. However, no
STAG1 mutation was detected in remaining 142
cases (0%).
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TABLE 1: Comparison of pretreatment characteristics between patients with AML-M2 sub group and all other

subgroups
Clinical parameters De novo AML-FAB M2 De novo AML (subtypes P-value
Subtype (n = 39) except FAB M2) (n = 113)
Age, Years 0.674
Mean 44.38 45.72
Range 16-68 16-78
Gender 0.460
Male 22 (56%) 56 (50%)
Female 17 (44%) 57 (50%)
FAB subtype
MO 0 9 (8%)
M1 0 18 (16%)
M2 39 (100%) 0
M3 0 12 (11%)
M4 0 30 (27%)
M5 0 34 (30%)
M6 0 1 (1%)
M7 0 0
Missing data 0 9 (8%)
Cytogenetic risk group 0.0001
Favorable 14 (36%) 11 (10%)
Intermediate 22 (55%) 81 (72%)
Unfavorable 3 (7%) 1 (1%)
Missing data 1 (2%) 20 (17%)
Peripheral blood blasts 0.21
Mean 454 52.3
Missing data 2 (5%) 10 (9%)
Bone marrow blasts 0.007
Mean 51.28 62.37
Missing data 1 (1%) 9 (8%)
WBC count 0.815
Mean (x10°/L) 37505 41187
Range (x10°/L) 1000-256,100 300-378,700
Missing data 0 (0%) 0 (0%)
Hemoglobin 0.709
Mean (g/L) 8.03 8.18
Range (g/L) 3.1-12.8 4.1-13.4
Missing data 0 (0%) 1 (1%)
Platelet count 0.044
Mean (x10°/L) 53282 66701
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TABLE 1: (continued)
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Range (x10°/L) 6000-301,000 5200-289,000

Missing data 0 (0%) 1 (1%)

LDH 0.182
Mean (IU/L) 1473.05 1264.09

Range (IU/L) 263-4054 314-5025

Missing data 1 (1%) 3 (3%)

TABLE 2: Comparison of pretreatment characteristics between AML-FAB M2 with t(8;21) and AML-FAB M2 with

normal karyotype (NK)
Clinical Parameters De novo AML-M2 with De novo AML-M2 with P-value
t(8;21) (n=14) NK (n =25)
Age, Years 0.022
Median 36.71 48.68
Range 16-64 22-68
Gender 0.458
Male 9 13
Female 5 12
Peripheral blood blasts 0.682
Mean 43.43 46.52
Missing data 0 (0%) 2 (8%)
Bone marrow blasts 0.434
Mean 55.71 50.83
Missing data 0 (0%) 1 (4%)
WBC count 0.219
Mean (x10°/L) 13250 16000
Range (x10°/L) 3300-37,400 1000-256,100
Missing data 0 (0%) 0 (0%)
Hemoglobin 0.181
Mean (g/L) 7.4 8.3
Range (g/L) 3.1-10.6 4.8-12.8
Missing data 0 (0%) 0 (0%)
Platelet count 0.235
Mean (x10°/L) 30,642 65,960
Range (x10°/L) 9000-131,000 6000-301,000
Missing data 0 (0%) 0 (0%)
LDH 0.619
Mean (IU/L) 1552.57 1428.52
Range (IU/L) 473-3860 263-4054
Missing data 0 (0%) 1 (4%)
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(n=152)
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B. Missing data
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2.63%

Numerical
7.24%
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8.55%
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FIG. 2: (A) Frequency of AML subtypes; (B) Distribu-
tion of cytogenetically and molecularly defined chromo-
somal aberrations in a cohort of 152 AML patients

E. Association of Identified STAG1 Gene
Mutation with Clinical Characteristics

The patient with STAGI1 possessed an abnormal
karyotype with t(8;21)(q22;q22) and was associ-
ated with adverse treatment response. The detailed
case report as follows, a 25-year-old male patient
was evaluated at a local hospital and referred to
Outpatient Clinic of Medical Oncology, Regional
Cancer Centre, for generalized tiredness for 1
month and multiple ecchymoti patches for 1 week
(February, 2017). Patient had no family history of
cancer. Patient showed normal chest X-ray and
mild splenomegaly. Hematology parameters, im-
munophenotyping, quantitative analysis of BCR/
ABL and cytogenetics of the patient were deter-
mined at the time of diagnosis. Morphology and
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immunophenotyping of peripheral blood cells and
bone marrow aspiration were examined. The abnor-
mal cell population were positive for CD13, CD117,
MPO, CDl11¢c, CD19dim, CD34, and HLA-DR posi-
tive (human leukocyte antigen DR isotype) and neg-
ative for CD33. Peripheral blood and bone marrow
aspiration revealed blast cells of 79% and 61%, re-
spectively. Less than 3% blast cells were peroxidase
positive. The biochemical parameters such as urea,
uric acid, creatinine, and liver enzymes were nor-
mal. The elevated level of LDH indicate the form
of tissue damage. Bilirubin was slightly raised and
serum LDH was highly increased (1985 p/L). He-
matology parameters at the time of diagnosis were:
total WBC count was 20,300 cells/mm (19% neu-
trophils, 22% lymphocytes, and 59% of other ab-
normal cells), hemoglobin level of 10.5 gm% and
platelet count of 26,000 cells/cmm. Conventional
and molecular cytogenetic profiling identified the
presence of t(8;21) and the RT- PCR report was neg-
ative for BCR- ABLI. The diagnosis was confirmed
as AML-M2.

A 7+3 chemotherapy regimen was planned for
the induction cycle. Chemotherapy started immedi-
ately after diagnosis and, due to febrile neutropenia,
chemo was skipped on day 7. After 7+3 induction,
consolidation chemotherapy with high dose Ara-C
(HiDAC) was given. As the bone marrow biopsy
shows leukemic cells, re-induction chemotherapy
was recommended for the patient. The patient at-
tained hematological remission and tolerated well
with the post-chemo complications like febrile neu-
tropenia, perianal pain, and thrombophlebitis. After
1 year of diagnosis, the patient relapsed with the
disease.

The data for overall survival of patients with
AML FAB-M2 subtype and patients with AML FAB
subtypes except M2 and also Kaplan-Meier plots
showing the prognostic impact of t(8;21) in the over-
all survival of AML-FAB M2 subtype with t(8;21)
and AML-FAB M2 subtype with normal karyotype
(Fig. 4 and Table 3).

IV. DISCUSSION

Mutations in the cohesin complex have been well
characterized in solid tumors such as colorectal
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FIG. 3: (A) Schematic representation of normal and mutant nucleotide and amino acid sequences of identified
STAG]1 missense mutation; (B) Location and type of identified mutation in Exon 16 (nucleotide change: c.1577T>C,
Amino acid change:p.I526T) of STAG1 gene of the cohesin complex. Sequence numbering is in accordance to the
DNA coding sequence of Ensembl transcript ENST00000383202.6 and the protein sequence of ENSEMBL protein
ENSP00000372689.2 for STAGI; (C) Sanger validation of forward and reverse sequencing chromatographs; (D)
Amplified PCR product of STAG1 gene (198 bp) along with positive and negative control; (E) Filtering strategy for
identification of variant found in STAG1. MQ and MQO Root Mean Square Mapping Quality and Mapping Quality
Zero total count; DP Coverage (reads that passed quality metrics); QD, Variant Quality /depth of non-ref samples; FS

Test (Fisher) - Phred score P-value for strand bias.

carcinoma and elucidated a link between these mu-
tations and chromosomal instability.>* However,
only a few studies have been reported regarding the
clinical implications of cohesin complex mutation in
myeloid neoplasms such as AML. Hence, it is very
necessary to investigate the frequency, incidence,
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and prognostic impact of cohesin complex mutation
in various subtypes of AML and whether do they
have any association with AML cytogenetics. All
these parameters will help to identify a novel prog-
nostic biomarker in AML and thereby illuminate
the path of effective management of AML patients.
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FIG. 4: (A) Kaplan-Meier plots comparing the overall survival of patients with AML FAB M2 subtype and patients
with AML FAB subtypes except M2; (B) Kaplan-Meier plots showing the prognostic impact of t(8;21) in the overall
survival of AML-FAB M2 subtype with t(8;21) and AML-FAB M2 subtype with normal karyotype

TABLE 3: Univariate analysis for overall survival (12 months) in AML patients according to FAB subtypes

Samples (n = 152) 12 months survival probability P-value HR 95% CI

Percentage (%) SE

AML-FAB subtypes

except M2 (n =113) 49.9 5.1 0.298 0.738 0.407-1.337

AML-FAB M2 subtype (P-value: 0.316)

(n=139) 58.8 8.4

AML-FAB M2 t(8;21)

(n=14) 50 11.2 0.160 0.455 0.142-1.454

AML-FAB M2 with NK (P-value: 0.184)

(n=25) 71.4 12.1

With this notion, in the present study, we analyzed
both cytogenetic profile and cohesin complex muta-
tional signatures of 152 newly diagnosed unselected
adult AML patients and investigated their correla-
tion with clinical parameters. Furthermore, to the
best of our knowledge, this is the first report por-
traying the clinical and prognostic impact of cohesin
complex mutation in AML patients from India.

In our cohort, successful cytogenetic analyses
were carried out in 131 patients (86.18%). In the
remaining 21 cases analysis was not possible due
to non-availability of good quality metaphases.
Among the 131 patients, 88 patients revealed nor-
mal karyotype pattern, while 43 patients revealed
both structural and numerical chromosomal aber-
rations. Most of the previous cytogenetic studies
from different geographical areas reported higher
frequency (> 50%) of chromosomal abnormalities

in AML patients. But in our study, by performing
combined conventional and molecular cytogenetic
techniques, we identified 32.82% chromosomal
anomalies. The lower frequency of cytogenetic
abnormalities in the present study was in agree-
ment with studies reported from Germany and
Malaysia.?>

The most frequent cytogenetic abnormality
identified in our study was t(8;21)(q22;q22) and
it was observed in 13 cases (8.55%). Karyotype
with t(15;17)(q22;q21) were observed in 8 cases
(5.26%) and inv(16) in 3 cases (1.97%). Con-
cerning recurrent balanced chromosomal translo-
cations and inversions, the frequency of t(8;21)
(RUNX/RUNXI1T1) in our study was comparable
with previous Asian reports (8.3% and 7.5%).7"-%
But, the frequency of t(15;17)(PML/RARA) was
slightly lower than previous western and Asian
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studies (10.8%).28%° Majority of the studies report
a frequency of 2-8% inv(16) in AML patients.**
1.97% of inv(16) in our AML cohort was in agree-
ment with those reports. In addition, 11 patients
(7.24%) unveiled karyotype with numerical aber-
rations. The main numerical aberrations observed
in our study were +4, +8 (2 cases) +16, +21, hy-
perdiploids (3 cases) and polyploids (3 cases). Fur-
thermore, 4 patients (2.63%) displayed structural
chromosomal abnormalities like del(4q), del(7q),
dup(21q) and dup(11q). Among the 13 patients
with t(8;21)(q22;q22), 5 patients showed a loss of
sex chromosome (-X in 2 case and -Y in 3 case)
(Fig. 2A and B).

Chromosomal translocations involving the alter-
ations of MLL gene located on the 11923 are common
in adult AML patients. Here, by using G-banding
and FISH analysis, we identified a balanced recipro-
cal rare t(7;11)(p15;923) in a 49-year-old AML-M2
subtype male patient. There are no substantial pre-
vious reports on t(7;11)(p15;q23) in AML, however,
only few cases were reported in AML-M2. In the
current scenario, more than 60 different MLL fusion
partner genes have been characterized in different
chromosomes at the molecular level.*? In the present
study, further studies are needed for identifying the
MLL fusion partner located on 7p15.

Next, we analyzed cohesin complex muta-
tion signatures in our study samples by NGS and
Sanger sequencing methods. We selected 10 de novo
AML-M2 patients at random as a pilot study to mon-
itor cohesin gene complex mutations using NGS
analysis. Among this 10 de novo AML-M2 cases,
5 cases were positive for t(8;21) and the remaining
5 patients possessed normal karyotypes. Our whole
exome scale sequencing study in 10 AML-M2 FAB
subtype identified STAG1 gene mutation in only
one case (10%), however, no mutation was observed
in STAG2, RAD21, SMCI, and SMC3 which was
in agreement with a previous report.!” As per their
report, STAGI, STAG2, and SMC3 were the most
frequently mutated genes in the cohesin complex,
whereas mutations in SMC1A were very rare. How-
ever, in contrast to our finding, recent report by Can-
cer Genome Atlas Research Network™ showed that
the mutation frequency of STAG2, SMCI1A, SMC3,
and RAD21 was slightly higher in their study

Volume 40, Issue 1, 2021

61

population; their study failed to identify any such
mutation in STAGI.

Similar to previous reports,'*333 our study also
demonstrated that mutations in the cohesin com-
plex genes occurred in 10% of patients with my-
eloid malignancy. Among the myeloid neoplasms,
cohesin mutations were more predominant in AML,
especially in 20% of secondary AML?** Most of the
identified cohesin mutations were either nonsense
or frame shift types, pointing to the fact that these
mutations lead to decreased function of cohesin
complex genes. Similarly, the identified STAGI1
mutation in the current study was frame shift type,
reflecting that it may lead to decreased or altered
function of cohesin complex in that patient.

The identified STAG1 mutation by whole ex-
ome scale sequencing analysis was heterozygous,
which was in agreement to the recent report by Thol
et al.”” in AML patient and thereby it necessitates
the urgency to check whether the mutated region
could act as hotspot or not. Sanger sequencing anal-
ysis in the remaining 142 cases for STAG1 muta-
tion in exon16. However, Sanger sequencing did not
identify any such mutation in the above region. This
finding once again underlined the conclusion made
by Thol et al.'” that mutations took place throughout
the cohesin gene complex were without the presence
of any mutational hot spot region.

In line with other studies, cohesin gene muta-
tions did not alter the global chromosomal integrity
in AML, since most of the mutated AML patients
harbored a normal karyotype pattern. Instead, they
were able to control patient’s genome by modifying
the regulation at transcriptional level. It have been
reported that cohesin gene extended their tumor sup-
pressor activity through direct or indirect binding
with CCCTC-binding factor, a sequence-specific
transcription factor which is found to be interacted
with NPM1.%537 Furthermore, it was also proven that
cohesin played an important role in the arrangement
of sister chromatids during the metaphase stage of
cell cycle, further illustrating that cohesin defects ap-
pearing during leukemogenic consequences did not
convey disrupted mitosis and global chromosomal
instability.*® Contradictory to the above findings, in
our study, conventional and molecular cytogenetic
profiling identified the presence of t(8;21) in patient
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with STAG1 mutation. Although its biochemical
parameters were normal, serum bilirubin and LDH
level was highly elevated. In addition, its hematol-
ogy parameters such as Hb, WBC, and platelet count
were also noted to be abnormal. In the present study,
we identified a positive correlation between serum
bilirubin, LDH, and hematological parameters with
STAG!1 mutation. However, in order to identify the
significance of this correlation it is necessary to con-
duct further additional studies with a greater number
of patients.

Treatment response analysis on STAG1 mutated
patient showed that the patient achieved hematolog-
ical remission by 7+3 induction and consolidation
chemotherapy with high dose Ara-C (HiDAC).
However, after 1 year the patient relapsed with the
disease, highlighting that the prognostic impact of
STAG1 mutation was poor in our study. These data
implement the prognostic effect of STAG1 mutation
in only 1 case, and therefore further more studies are
needed to make a final conclusion about the prog-
nostic impact cohesin mutation. A previous study'®
strongly recommended that there exists a strong
association between NPM1 mutations and genes
in the cohesin complex. Therefore, the adverse im-
pact on prognosis of cohesin mutation might have
been attenuated by the favorable prognostic impact
of NPM1 mutations. Finally, contradictory to our
report, their data pinpointed the fact that cohesin
mutations did not exert much impact on patient
prognosis.

V. CONLCUSION

In summary, our study shows that cohesin complex
mutations are not recurrent molecular genetic event
in AML. Sanger sequencing analysis for S7T4G I mu-
tation in exon 16 region points the fact that it could
not be considered as hot spot region for AML mu-
tagenesis. Molecular studies to rule out their func-
tional and pathophysiological role are currently
underway, but our genetic data suggest that cohesin
mutations can contribute to hematopoietic transfor-
mation through altered chromosomal instability. It
was also highlighted that cohesin complex mutation
had a poor prognostic impact in cytogenetically ab-
normal AML patients. In the present study, the recent
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advancement in exome and whole genome sequenc-
ing provided some relevant information regarding
cohesin complex mutations like frequency of in-
cidence, prognostic significance, and correlation
with cytogenetics as well as clinical parameters in
AML. Clinical and preclinical research in the future
will be necessary to understand the involvement of
other functional proteins with the mutated cohesin
complex proteins, which will hopefully shed further
light on the pathogenic mechanism of cohesin com-
plex mutations in AML incidence and progression.
Optimization of AML treatment is a continuous pro-
cess. Knowledge is still accumulating, and the ther-
apeutic scenario is still evolving. In this context, the
identification of cohesin as a key protein complex
in leukemogenesis could certainly contribute to the
development of new drugs that specifically target
mutant stem cells in AML.
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