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Abstract: Acute myeloid leukemia (AML) is caused by mutations leading to the loss of control
over the proliferation and differentiation of leukocytes in the bone marrow. In Vietnam, studies
focusing on the statistics, types, rate and molecular characteristics of common genetic mutations in
AML patients are still limited. Identification of chromosomal mutation using the standard
karyotyping techniques has assisted effectively AML diagnosis, however, in approximate 45% of
AML cases, karyotyping analysis show normal cytogenesis due to abnormalities occurring at the
molecular level.In this study, we focused on the establishment of a procedureto detect CCATT-
enhancer binding protein o mutations in Transactivation domain region (CEBPA-TAD), which are
considered poor prognostic factor for treatment. Using this procedure, one sample carrying a 17-
nucleotide deletion in TAD1 domain resulting in a frameshift and a premature stop, was identified
and confirmed by sequencing. From these results, we aim to continue screening a larger sample
size to get more significant statistical data and investigate the correlation of CEBPA mutation
status with clinical characteristic to assist prognosis and treatment.
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1. Introduction cases.Currently, genetic analysis methods using
karyotyping techniques to detect genetic
abnormalitieshave a very important role in the
diagnosis, prognosis and treatment in AML
patients. However, in approximately 45% of
AML cases, karyotyping results show normal
cytogenesis (AML-NK - normal karyotyping)
due to abnormalities occurring at the molecular
level instead of cellular level [1 - 3]. There are
many genetic mutations associated with AML,
highly  concentrated on three  genes:
mding author. Tel.: 84-982408770 Nucleophosmin 1 (NPM1), FMS-like tyrosine

Leukemia are hematological malignancies
of leukocytes or their progenitors, and are
divided into four main groups: Acute myeloid
leukemia (AML), chronic myeloid leukemia
(CML), acute lymphoid leukemia (ALL) and
chronic lymphoid leukemia (CLL). AML
occurs in both children and adults and
accountsfor  54.6%  of all leukemia
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kinase 3 (FLT3), and CCAAT / enhancer
binding protein alpha (CEBPA) with a total
frequency of 80% [3, 4]. CEBPA mutations
were reported to account for 10-15% of all
AML-NK cases, seriously affecting
proliferation and differentiation of myeloid
cells.

CCAAT enhancer binding protein o
(C/EBPo) is a transcription factor coded by the
intronless gene CEBPA, found on the long arm
of chromosome 19 at 19q13.1 [5, 6]. C/EBPa
protein consists of a basic region and a leucine
zipper domain in the C terminus and two
transactivation domains, TAD1 and TAD?2, in
the N terminus [4]. There are two main
isoforms of C/EBPa: the full-length 42 kDa
protein (p42) and the truncated 30 kDa protein
(p30). The p30 isoform is translated from an
internal start site in the mRNA and the protein
lacks the first 119 amino acids of the N
terminus, which includes TADI. It has been
found that the p30 protein has a lower
transcriptional activation potential than the p42
protein [7]. The majority of characterized
mutations in CEBPA included dominantly
length mutations and substitutions mutations in
TAD region of the N terminus and bZIP region
of the C terminus.

There are various techniques to detect
CEBPA-TAD mutations such as electrophoresis
and direct sequencing. However, a rapid and
well established diagnostic procedure has not
yet been set up for regular use in hospitals in
Vietnam. Therefore, the objective of this study
is to establish a procedure to detect CEBPA-
TAD mutations, preliminarily screen, analyse
and characterize the mutations in laboratory,
then transfer to medical facilities.

2. Materials and methods

2.1. Blood samples

Blood specimens of patients diagnosed with
Acute Myeloid Leukemia (AML) were

collected from National Institute of Hematology
and Blood Transfusion (NIHBT) following the
guidelines and ethicalrules of NIHBT. DNA
extraction was done with Magpure Genomic
DNA nano kit (AnaBio). The isolated DNA
was examined by electrophoresis on 1%
agarose gel and preserved at -20°C.

2.2. CEBPA-TAD fragment amplification

In order to detect CEBPA-TAD mutations,
a DNA fragment of 447 bp was amplified using

CEBPA forward 5’-
GGAGAACTCTAACTCCCCCATGG-3* and
CEBPA reverse 5°-
AGCCTGCCGTCCAGGTAGC-3". The

components of the PCR reaction were
optimized to achieve the best efficiency. PCR
mixture (25ul total volume) included 2.5ul of
10X Dream Taq Buffer, 0.2 mM for each
deoxynucleotide triphosphate, 10 pM for each
primer, 0.5 wunit of Dream Taq DNA
polymerase (Thermo Scientific), 5% DMSO
and 20-50 ng genomic DNA. The PCR mixture
was denatured at 94°C for 5 minutes; run for 35
cycles of 94°C for 1 minute, 60°C for 45
seconds, 72°C for 1 minute, and finally
extended at 72°C for 15 minutes.

2.3. Detecting CEBPA-TAD mutations by gel
electrophoresis

PCR products were separated by
electrophoresis on 5% nondenaturing
polyacrylamide gel in 0.5X TBE buffer and 3%
Ultraphor Magarose gel in 1X TBE buffer.
Then, the gel was stained by ethidium bromide
solution (1 pg/ml) for 5-10 minutes, visualized
and photographed by Bio-Rad Gel Doc system.

2.4. Cloning and sequencing of CEBPA-TAD
mutant

The  samples were separated by
electrophoresis on 3% Ultraphor agarose gel.
After the gel was stained with ethidium
bromide and exposed under UV, the suspected
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mutant band was cut out of the gel and purified
byWizard®-SV gel purification kit (Promega)
according to manufacturer's instructions. DNA
was dissolved in water and stored at -20°C.
Ligation reaction mixture of 10ul total
volume contained: Sul of 2X T4 ligase buffer,
25 ng of pGEMT-easy vector, 1.5 unit of T4
ligase and 5-10ng of purified DNA, and was
incubated at 4°C overnight. The ligation
mixture was used to transformEscherichia coli
DH5a competent cells by heat shock method.
The cells were then grown on TSA or TSB
plates which were supplemented with 100ug/ml
ampicillin, 40ul of 20mg/ml X-Gal, 40ul of
100mM isopropyl — D — galactoside (IPTG), in
the incubator (37°C) overnight. The successful
transformants (white colonies) from plates were
selected and the presence of recombinant
plasmid in colonies was verified through direct
PCR with pUC19 primers (pUC19 forward 5’-
GCTGCAAGGCGATTAAGTTG-3’ and
pUCI19 reverse 5-
GTTGTGTGGAATTGTCACG-3’)and
CEBPA-TAD primers. The positive colonies

were grown in LB medium and the plasmid was
extracted by QIAprep Spin Miniprep Kit
(QIAgen). The purified plasmids carried the
mutant DNA were sent for sequencing at 1*
BASE (Malaysia).

3. Results and discussion

3.1. PCR reaction optimization to detect
CEBPA-TAD mutations in AMLpatients

PCR is one of the most important steps of
the screening process to detect CEBPA-TAD
mutations. To obtain single, specific bands,
both PCR components and thermal cycling
conditions were optimized.

Template amount was calculated through
images of isolated DNA on 1% agarose gel by
comparing with 1kb ladderusing ImageJ software.
The results indicated that DNA concentration
between 18-276 ng/ul were suitable.
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Figure 1. Diagram of CEBPA primer pairs.

The primers were designed using Mega5
software and checked with IDT website to
optimize (G+C) content, length and annealing
temperature ~ with  minimized secondary
structure formation. These primersamplified the
CEBPA fragment of 447 bp at the N terminus,
capable of screening almost all of the mutations
in TAD1 and TAD2 domains as previously
reported (Figure 1)
(http://cancer.sanger.ac.uk/cosmic). CEBPA is
rich in GC contents, thus it is difficult to
specifically amplify a gene fragment,
therefore,initially, PCR gavemultiple bands and
there were samples without any band (Figure
2A).To optimize amplification reaction, DMSO,

a common PCR additive known to enhance
specific amplification [8], was tested at three
concentrations (0%, 3%, 5%) in combination
with five different annealing temperatures
(57°C-62°C, 1°C interval). Comparision of the
results of different PCR condition combinations
on gel electrophoresis indicated that 5% DMSO
and annealing temperature at 60°C was the
optimal condition because it gave the highest
band intensity (Figure 2B). With these changes,
the 447bp bands were able to be amplified with
every sample (Figure 2C), thus, these
conditions were used for all further
experiments.
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Figure 2. Optimize the PCR reaction and separation of PCR samples with 5% polyacrylamide electrophoresis.
(A) Before optimization. (B) Comparison of electrophoretic bands of the same sample in the different
annealing temperature and concentrations of DMSO. (C) After optimization.

(M: low range DNA marker, 4-155: samples, -: no template control).

3.2. Establishment of the procedure for
CEBPA-TAD mutation detection

Two different electrophoresis gels, vertical
5% polyacrylamide and horizontal 3%
Ultraphor Vagarosewere  used to  screen
CEBPA-TAD mutations.The mutation samples
showed a single band with shadows on 5%
polyacrylamide because the separation between
wild type and mutation bands was insufficient.
Meanwhile, these two bands were obviously
distinguishable on Ultraphor™ agarosegel
which was a high resolution, matrix being able
to separate fragments with 2% difference in size
(Figure 3A). In summary, the procedure to

Blood
samples

(1 hour)

A

screen and detect CEBPA-TAD mutation was
established including three main steps: (1)
extraction of DNA from blood of AML
patients, (2) amplification of CEBPA-TAD
fragment by specific primers, 3
electrophoresis using 5% polyacrylamide or 3%
Ultraphor Vagarosegels to detect mutations
depending on rapid screening or molecular
characterization purposes, respectively The
totaltime for the procedure was approximately
4.5 hours (Figure 3B). In addition, cloning and
sequencing steps could be done to further
determine the mutant sequence.

Total time
4 — 4.5 hours

Extraction : Total DNA
\k\ ,l: PCR
PCR product

(2.5 hours)

Fragment

Electrophoresis analysis
(40 minutes)

B

Figure 3. (A)Comparing the PCR products on 5% polyacrylamide (left)
and 3% Ultraphor Magarose(right) electrophoresis; (B) The procedure for CEBPA-TAD mutation detection.

The disadvantage of this procedure is that it
could not detect substitutions and balanced

mutations, however, length mutations, such as
deletion, insertion and duplications have been
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reported to account for 93.5% of all of the N-
terminal mutations [9]. Therefore, this PCR-
based procedure accompanied with
electrophoresis was chosen to detect CEBPA-
TAD mutations.

3.3. Analysis of CEBPA-TAD mutations

Using this procedure to detect mutations in
collected AML samples, one sample containing
a 17-nucleotide deletion in CEBPA/TAD was

ATCTGCGAGCACGAGAC|
GT CGATGGACGICCGCCCAGCGG

Erdd s ] ] w0
L | 1 L 1

A

Wild type
Mutation

found, which after conversion to aa sequence,
was predicted to result in a frameshift in the
position from nucleotide 379-395, in the TAD1
region (Figure 4A). This was a quite large
deletion compared to previous studies, which
reported the deletion mutations in the CEBPA-
TAD region mostly are in the range between 1
and 15 nucleotides, consistently located in
TADI1 [9].
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Figure 4. DNA sequencing of CEBPA-TAD mutant
(A) Chromatogram of mutation DNA sequence and position of mutation, bold-red nucleotide:
17 nucleotide deletion. (B) amino acid sequence. (C) Predicted secondary structure of CEBPA protein.

Protein encoded by normal CEBPA gene
contains 358 amino acids, wherease, only 100
amino acids remained in the mutated one found
in this study due to the introduction of a
premature stop (Figure 4B). The secondary
structure of wild type and mutant proteins were
predicted based on their polypeptide sequences
and analyzed by (PS)2v2

(http://ps2.life.nctu.edu.tw). The results showed
that the original structure of the a-helix was
completely changed. The protein encoded by
mutant gene had a partial of the a-helix
structure, and most had distorted structure. As
a result, this protein might lose not only its
LZD (leucine zipper domain) together with
DBD (DNA binding domain) region to interact
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with DNA, but also its own function, possibly
leading to poor prognostic factor for treatment
(Figure 4C).

4. Conclusion

In this study, we successfully established a
diagnostic procedure which could rapidly detect
CEBPA-TAD mutations in AML patients in 4 —
4.5 hours. Moreover, using this procedure
combined with cloning and sequencing, one
mutation was identified which was a 17-
nucleotide long deletion. In thefuture, this
procedure can be applied in hospitals and clinics
to support diagnosis and treatment of AML.
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Thiet 14p quy trinh dé phét hién phan tich dot bien trén viing
TAD cua gen CEBPA tur cac bénh nhén ung thu bach cau
dong tuy cap tinh ¢ Viét Nam

Bui Thiy Huong'?, Trinh Lé Phuong', Pham Bao Yén'

'Phong Thi nghiém Trong diém Enzym va Protein tdi té hop, Triong Pai hoc Khoa hoc Tw nhién,
Pai hoc Quéc gia Ha Néi, 334 Nguyén Trai, Thanh Xudn, Ha Ngi, Viét Nam
’Khoa Sinh hoc, Truong Dai hoc Khoa hoc T nhién,
Pai hoc Quéc gia Ha No¢i, 334 NguyéNn Trai Thanh Xudn, Ha N¢i, Viéet Nam

Tém tit: Ung thu bach cau cap dong tuy (AML) la mét dang ung thu méu gdy ra boi sy mét kiém
sodt trong qud trinh tang sinh va biét hoa té bao bach cau trong tuy xwong. Hién nay, or Viét Nam, céc
nghién ctru vé sb lugng, ty 18, cac dang dot bién va dic diém phan tir cia dot bién van con han ché.
Phuong phdp chan dodn nhidm sic thé d6 karyotyping duoc ap dung kha pho bién trong chan doan
AML. Tuy nhién, két qua phan tich cho thay €0 161 45% téng s6 ca bénh AML c6 kiéu hinh nhidm sic
thé binh thudng do nguyén nhan giy bénh & cip do phén tir. Trong nghién ctru niy, ching toi tap trung
vao viéc xdy dyng quy trinh phét hién cac dot bién viing TAD trén gen CEBPA (CCATT enhancer
binding protein a) - loai dot bién duge cho 1a ¢6 tién luong xau trong qua trinh diéu tri & bénh nhan
ung thu bach cau cép dong tiry. Sau khi 4p dung quy trinh trén mot s6 mau bénh, nghién ciru da tim ra
1 dot bién mat doan 17 nucleotit & ving TAD1 gdy ra dot bién dich khung, 1am thay doi toan bg axit
amin trong chudi polypeptit do gen ma héa tir sau vi tri dot bién; dic biét hon nita 12 viéc xudt hién ma
ket thic sém. Vi két qua dat duoc, chiing t6i s& tiép tuc sur dung quy trinh dé sang loc trén s luong
mau 16n hon nham thu duoc két qua théng ké dang tin cdy vé tan suat xuét hién ciing nhu dic diém
phan tr ctia cdc dot bién CEBPA-TAD & bénh nhén ung thu bach cu cip dong tiry Viét Nam nham hd
tro chan dodn va diéu tri bénh.

Tir khoa: Acute myeloid leukemia (AML), CCAAT enhancer binding protein o (CEBPA), dot bién.



