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DEVELOPMENT AND EVALUATION OF A REAGENT SET FOR QUANTITATION OF M) Check for updates ‘
MRNA EXPRESSION LEVEL OF CHIMERIC BCR::ABL1 GENE

Mariia A. Avdonina'™, Natalia G. Kuklina'?, Arina A. Glavatskaya'?, Vladislav K. Dmitriev®, Anzhelika S. Chegodar®, Anastasia M. Danishevich?,
Natalia A. Bodunova?, lvan S. Abramov?, German A. Shipulin’

" Centre for Strategic Planning, of the Federal Medical and Biological Agency, Moscow, Russia
2lzmerov Research Institute of Occupational Health, Moscow, Russia
3Loginov Moscow Clinical Scientific Centre, Moscow, Russia

Introduction. Chronic myeloid leukemia is a myeloproliferative disease associated with a t(9;22)(q34;q11) translocation resulting in a chimeric BCR::ABL1
gene. Molecular genetic studies are used as a diagnostic method and for determination of minimal residual disease by quantification of the mRNA expression
level of the chimeric BCR::ABL1 gene.

Objective. To validate the developed multiplex test system for simultaneous quantitative determination of e13a2 (b2a2) and e14a2 (b3a2) transcripts of trans-
location p210 in comparison with the analog system registered in Russia.

Materials and methods. In total, 50 peripheral blood samples were used. Of these, 39 belonged to patients diagnosed with CML; 11 blood samples from healthy
people were used to confirm analytical specificity. The reagent kit includes the specifically developed primers and fluorescently labeled probes, the concentration of
which was selected experimentally, as well as original reagents manufactured by the Centre for Strategic Planning, Federal Medical and Biological Agency (Russia).
Statistical analysis was performed using the StatTech v.4.5.0 software (developed by StatTech, Russia). Differences were considered significant at p < 0.05.
Results. The conducted analytical and diagnostic characterization of the developed kit showed the following results. The relative sensitivity determined us-
ing cell standards was 0.01 %. The reproducible analytical sensitivity was 100 copies/mL (CV = 1.86 %). In analytical specificity testing, the absence of false
results was shown. When testing the reagents of the test system on clinical samples, the complete convergence (100 %) with the results obtained using the
reference kit was revealed.

Conclusions. Approbation of the developed reagent set showed its sufficiently high analytical sensitivity and diagnostic sensitivity. This set can be used for
identification and quantitative determination of the mRNA of the chimeric BCR::ABL1 gene for the purposes of diagnosis, timely and accurate therapy, and
monitoring of minimal residual disease.
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PA3PABOTKA N OLLEHKA HABOPA PEATEHTOB AJ1 KOJINYECTBEHHOIO OMNPEAEJIEHNA YPOBHA
OKCMPECCUN MPHK XMMEPHOI'O N'EHA BCR::ABL1
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BBepeHue. XpoHndieckuin mmenoneinkos (XMJ1) — muenonponudepaTrBHoe 3abonesaHne, acCoLMmnpoBaHHoe ¢ TpaHcnokaumei 1(9;22)(q34;q11), B pesynb-
TaTe KOTopor 06pagdyeTcs XMMmepHbIi reH BCR::ABLT. OoHUM 13 METOZI0B MOCTAHOBKM AVarHo3a, a Tak)ke OnpeaeneHns M1MHUManbHOM 0OCTaTo4HOM 601e3HM
ABNSAETCA MOJIEKYNAPHO-TEHETUYECKOE NCCNEA0BAHME, a UMEHHO KOIMYECTBEHHOE ONpeaeneHne yposHs akcnpeccum MPHK xumepHoro rena BCR::ABL1.
Llenb. Anpobauust paspaboTaHHON MyNbTUNNEKCHOW TeCT-CUCTEMbI A1t OAHOBPEMEHHOro KONMMYECTBEHHOrO onpeaeneHns TpaHckpuntos e13a2 (b2a2)
n el4a2 (b3a2) TpaHcnokaumm p210 B cpaBHEHWN C 3aperucTpnpoBaHHbIM B POCcumn aHanorom.

MaTepuanbl n metopbl. B kadecTse 06pasLoB mcnonb3osanv 50 npob nepuepn4eckon Kposu. V13 Hiux 39 npob nprHagnexanm nauveHTam ¢ ycra-
HOBMEeHHbIM AnarHo3oM XMJ1, 11 06pasLioB OT 300PO0BbIX YHACTHUKOB MCMONb30BaIMCh AN NOATBEPXAEHVS aHannTu4eckol cneumduyHocTr. B coctas
Habopa peareHTOB BXOAAT paspaboTaHHble npaiMepsbl 1 hlyopecLIEHTHO-MeYeHble 30HAbI, KORLIEHTPaLMS KOTOPbIX Oblna NogobpaHa skcnepuMeHTansHo,
a Takxke opurmHanbHble peareHTbl nponsdsoactea PrEY «LCM» GMBA (Poccus). CTaTucTieckunini aHanmns NpoBOANICH C UCMONb30BaHNEM MPOrPaMMbl
StatTech v.4.5.0 (paspaboTink — OO0 «CtaTTex», Poccus). Paznudus cuntannce 3HaqmmMbIMm npu p < 0,05.

PesynbTaTbl. OKcnepuMeHTanbHble AaHHble MO ONPEefeneHnio aHaNUTUYECKMX 1 ANAarHOCTUHECKNX XapakTePUCTUK paspaboTaHHoro Habopa nokasasm
cnepyloue pesynsraTbl: OTHOCUTENbHAS YYBCTBUTENBHOCTb, ONpeaensemas C NOMOLLBIO KNEeTOYHbIX cTaHaapToB, cocTtasuna 0,01%. Bocnpownasogumas
aHanuTUyeckas 4yBCTBUTENbHOCTL cocTasuna 100 konuii/mn (CV = 1,86%). Mpw NpoBepke aHaNMTUHECKON CneumdUYHOCT BbINo NokasaHo OTCyTCTBUE
NOXKHOCMeUdUYeckx BbIXOAOB. [pn TeCTMPOBaHNM peareHToB TeCT-CUCTEMbI Ha KIMHMYEeCKMX obpasLax 6biio BbisBeHO nonHoe coBnagerune (100%)
C pesynsratamu, Nosly4eHHbIMY MPU MCMOb30BaHUM aHanora 3aperncTpupoBaHHoro B Poccumn Habopa.
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INTRODUCTION

Chronic myeloid leukemia (CML) is a clonal myeloprolifera-
tive neoplasm caused by malignant degeneration of he-
matopoietic stem cells. This disease is characterized by
increased proliferation of granulocytic germ cells without
the loss of their differentiation ability, hyperplasia of my-
eloid tissue, myeloid metaplasia of hematopoietic organs.
These disorders are associated with a chromosomal ab-
normality, i.e., 1(9;22)(q34;q11) translocation or the so-called
Philadelphia chromosome, as a result of which the chimeric
BCR::ABL1 gene is formed [1]. This fusion is the most com-
mon cytogenetic abnormality in adult patients with chronic
myeloid leukemia (CML) in 95% of cases, as well as with
acute lymphoblastic leukemia (ALL) in 30% of adults and
about 5% of children' [1].

According to the statistical data for 2022, 1087 new
cases of CML were detected in Russia, with about 54%
women and 47% men. This nosology is most frequently (in
28.9% of cases) registered in people aged 60-69 years. In
16.5% of cases, CML was detected in people aged 50-59
years and 70-79 years. The incidence of CML in people
aged 30-39 years equals about 12% [2].

The mentioned translocation is diagnosed by cytoge-
netic examination (karyotype) of the bone marrow or mo-
lecular cytogenetic examination (FISH method), as well
as by determining the quantitative level of expression of
BCR:ABL1 p210 mRNA for e13a2 or e14a2 transcripts.?

Modern therapy is aimed at achieving a major mo-
lecular response (MMR=>3.0), a deep molecular response
(DMR=4.0), as well as at the subsequent prevention of the
appearance of tumor clones [3, 4]. Several assessment
methods can be used to monitor the response to treat-
ment with tyrosine kinase inhibitors (TKI), such as a com-
plete hematologic response, determined by examining the
complete blood count; a partial hematologic response, de-
termined by flow cytometry; and a complete cytological re-
sponse, evaluated using bone marrow aspirate and biopsy
samples based on studying the molecular response using
quantitative PCR [5].

PCR is known to be the most sensitive method for as-
sessing minimal residual disease; however, the diversity
of reagent kits from different manufacturers results in a
high interlaboratory variability in the results obtained. This
also leads to inconsistencies in the compared indicators,
thus affecting the selection of appropriate treatment tac-
tics. According to the recommendations of the European
LeukemiaNet and the National Comprehensive Cancer
Network, CML molecular monitoring can be harmonized by
monitoring the BCR::ABLT mRNA levels using the interna-
tional scale (IS), which is based on the standardized basic
transcript level presented in the International Randomized
Study of Interferon and STI571-IRIS [3]. According to the
results obtained, this study proposed to evaluate the loga-
rithmic decrease in BCR::ABLT (IS ratio) during therapy in
comparison with the initial IRIS ratio at diagnosis [6, 7]. To
be able to apply this International Scale, each laboratory
must calibrate the results obtained using a conversion fac-
tor (CF), the numerical value of which must be multiplied by
the quantitative indicators obtained in a particular laborato-
ry. In order to determine the CF, which is individual for each
laboratory, the World Health Organization has created an
international genetic panel for quantification of BCR::ABL1
transcripts using PCR, containing four different variants
(10%, 1%, 0.1%, 0.01%), using the K562 cell line diluted in
the cell line, the BCR::ABLT merger code [9].

According to the recommendations of International
Guidelines for the diagnosis of BCR::ABLT mRNA expres-
sion and monitoring of minimal residual disease, it is neces-
sary to use the quantitative reverse transcription PCR (RT-
PCR) method with a detection sensitivity lower than MO
4.5 (0.0032% IS) [4, 9]. The use of reagents with insufficient
sensitivity can lead to incorrect test results and, as a result,
premature termination of treatment and further progression
of the disease [6]. According to Clinical Recommendations,
the procedure for periodic monitoring of expression lev-
els has been define as follows. When the expression lev-
el of p210 BCR:ABLT mRNA is below the BMO, quanti-
tative real-time PCR is performed every three months.
After reaching the BMO, the assay is performed every six

" Clinical Guidelines: Management of Chronic Myeloid Leukemia (CML) in adults. C92.1.
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months [10, 11]. In this regard, the development, testing,
and implementation into clinical and laboratory practice of
domestic highly sensitive specific diagnostic reagent kits
for determining the level of BCR::ABL1 transcripts using
PCR present a relevant research task.

In this work, we set out to develop and evaluate a set
of reagents for quantitative determination of the mRNA ex-
pression level of the chimeric BCR::ABL1 gene in peripheral
blood samples.

MATERIALS AND METHODS

The study included 50 people aged 20 to 80 years, includ-
ing 28 men and 22 women. The main group consisted of
39 patients with the established clinical diagnosis of CML.
In order to validate the analytical specificity for the absence
of false positive results, blood samples from 11 apparently
healthy individuals, comparable in gender and age with the
main group of patients, were used.

Peripheral blood samples were obtained at the Loginov
Moscow Clinical Scientific Centre; all the participants were
requested to sign an informed consent. Blood sampling
was carried out in vacuum tubes with K2 EDTA (China). To
confirm the diagnosis of CML and determine the mRNA
expression level of the chimeric gene BCR::ABL1, a set of
reagents was used to detect and quantify the BCR::ABL1
chimeric gene mRNA (M-bcr variant) and the abl gene
mMRNA in clinical material by real-time PCR with fluores-
cence detection AmpliSens® Leukemia Quantum M-bcr-
FRT (Central Research Institute of Epidemiology, Russia)
according to the manufacturer’s instructions.

RNA was isolated using a set of AmpliTest® RIBO-prep
reagents (Centre for Strategic Planning, FMBA, Russia) ac-
cording to the instructions. The efficiency of mRNA isola-
tion was determined using a Qubit 4 fluorimeter (Thermo
Scientific, USA).

The developed reagent kit includes specific primers
and fluorescently labeled probes, the presence of which
allows simultaneous detection of the expression of the
chimeric BCR::ABL1 gene and the ABL7 gene. The oligo-
nucleotides for detecting chimeric gene expression were
selected based on the recommendations of the interna-
tional group Europe Against Cancer (EAC) in 2003 and al-
lowed the identification of the two most common chimeric
transcripts, i.e., e13a2 (b2a2) and e14a2 (b3a2). The control
of material collection, RNA isolation, reverse transcription
reaction, and PCR was carried out using endogenous in-
ternal control, which used specifically selected primers and
a probe for the ABLT gene.

The concentrations of primers and fluorescently labeled
probes were selected experimentally.

The reaction mixture was prepared using the following
reagents (manufactured by Centre for Strategic Planning,
FMBA, Russia): 5x PCR buffer (5 pL), 10 mM dNTP (0.5 pL),
Taq polymerase (0.5 pL), and MMLYV revertase (0.25 pL).

PCR ampilification conditions were as follows: reverse
transcription at 50°C (30 min), preheating at 95°C (15 min),
followed by 45 cycles of denaturation at 95°C (10 sec) and
annealing at 60°C (60 sec). The fluorescent signal was de-
tected via the FAM and HEX channel.

Interpretation was carried out only for correct results
for a negative control sample (NCS) and a positive con-
trol sample (PCS) at each setting. Sterile deionized water
was used as a NCS; PCS was a mixture of bacteriophage
preparations containing sequences of MRNA translocation
p210 of the chimeric gene BCR::ABL7 and mRNA of the
control gene ABLT.

Plasmids containing mRNA sequences of translocation
p210 of the chimeric BCR::ABL1 gene and mRNA of the
control ABLT gene with a known concentration were used
as calibrators. The concentration of plasmids was mea-
sured using the QX200 digital PCR system (Bio-Rad, USA).
Plasmids were used in five 10-fold dilutions from about 10
to 1x108 copies/mL to determine the linearity and effective-
ness of RT-PCR. A single-stage RT-PCR reaction was per-
formed on a DT-96 amplifier (DNA Technology, Russia).

To establish the detection limit for the specificity and
sensitivity of the developed kit, RNA isolated from the K562
cell line (BCR::ABL1 — positive) and Hel.a (wild-type sam-
ples), as well as samples from CML patients and healthy
donors, were used. To determine the relative sensitivity,
cellular standards with certain concentrations were pre-
pared, namely 10%, 1%, 0.1%, and 0.01% according to the
procedure described by White et al., 2010 [8]. The number
of cells was calculated using an automatic Countess Il FL
Automated Cell Counter (Thermo FS). The resulting stan-
dards were calibrated according to the WHO protocol [12].

The relative mMRNA expression level of the chimeric
BCR:ABL1 gene was estimated based on calculations for
BCR::ABL1/ABL1 using the following formula:

BCR::ABL1 copies number

x o,
ABL1 copies number 100%.

Statistical analysis was performed using the StatTech
v.4.5.0 software (developed by Stattech LLC, Russia).
Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION

Testing of the reagent kit developed in this study produced
the following results. Real-time PCR parameters were as
follows: efficiency ranging within 95-105% and the correla-
tion coefficient r = 0.99. According to experimental data
using cellular standards, the relative sensitivity of the de-
veloped set was 0.01%, which corresponds to the level of
complete molecular response (CMR). The reproducible
sensitivity for control plasmids and for RNA isolated from
K562 cell culture was 100 copies/mL (CV% = 1.86).

Verification of the analytical specificity showed the ab-
sence of false positive results when testing samples ob-
tained from healthy patients. During testing, only the inter-
nal control signal via the HEX channel was detected; the
MRNA detection signal for the chimeric BCR::ABL1 gene in
the FAM channel was absent.

In this study, we analyzed a random sample of periph-
eral blood samples from patients with the clinical diag-
nosis of CML. In the main group, mRNA expression of
translocation p210 of the chimeric BCR::ABL1 gene was

¢ Clinical Guidelines: Management of Chronic Myeloid Leukemia (CML) in adults. C92.1.
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detected in all 39 samples. The number of positive results
was 21 (53.8%) and 18 (46.2%) among men and women,
respectively. The incidence of translocation in the age
groups of 20-29, 30-49, 50-59, 60-69 and 70-79, and
over 80 years comprised 3.2, 12.9, 9.6, 19.3, and 6.4%
of cases, respectively, which agrees well with statistical
data. The largest number of patients with these changes
were registered in the age group of 60-69 and 70-79
years, which is also consistent with statistical data for
Russia [2]. Patients under the age of 20 years were not
represented due to their limited sample. Morbidity at this
age equals about 1% nationwide. CML is equally common
in both men and women [13, 14].

The relative expression of the BCR::ABL1 gene (pro-
tein p210, variants b3a2 or b2a2) according to the results
of testing in peripheral blood samples of patients with the
clinical diagnosis of CML ranged from 2.3% to 100%. The
number of copies of the ABLT gene ranged from 2200
copies/mL to 17,595,440 copies/mL in the CML group and
from 11,675,896 copies/mL to 18,634,577 copies/mL in the
control group.

According to the Laboratory Guidelines for the
Diagnosis and Treatment of Chronic Myeloid Leukemia
(European LeukemiaNet), the minimum number of refer-
ence gene transcripts, regardless of whether BCR::ABLT
is detected or not, should be at least 10,000 ABL1 for MR
4, 32,000 for MR 4.5, and 100,000 for MR 5 in the same
volume of cDNA in which the sample is being tested for
BCR::ABL1 [4]. The number of transcripts of the reference
gene obtained meets international standards; therefore, the
results can be included in clinical reports.

During testing of CML patients, eight samples of IS<1%
BCR were identified: ABL1 (MR 2), nine samples of IS<0.1%
(MR 3), seven samples of 1S<0.01% (MR 4), seven sam-
ples of 1IS<0.0032% (MR 4.5). The object of the study was
blood samples from randomized patients. The criterion for
inclusion in the main group of patients was the presence
of the confirmed diagnosis of CML, established using the
AmpliSens® Leukemia Quantum M-bcr-FRT analogue reg-
istered in Russia.

Testing of the developed reagent kit on peripheral blood
samples with a known level of expression of the chimeric
BCR:ABL1 gene demonstrated their complete agreement
with the results obtained using the AmpliSens® Leukemia
Quantum M-bcr-FRT reagent kit.

When establishing the diagnosis of CML, molecular ge-
netic analysis (FISH method) is used to identify the chimeric
BCR:ABL1 gene, as well as to determine the expression
of BCR::ABL1 p210 mRNA (quantitative) for chimeric e13a2
or e14a2 transcripts by PCR [15]. This method is also used
in assessing the level of response to treatment of patients
with tyrosine kinase inhibitors (TKI) and determining the lev-
el of minimal residual disease when the number of residual
leukemic cells is below the sensitivity level of cytogenetic
studies [16].

The current market offers a number of domestic test
systems designed to detect the mRNA of the chime-
ric BCR:ABL1 gene. These include, e.g., AmpliSens®
Leukemia Quantum M-bcr-FRT (Central Research Institute
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of Epidemiology of Rospotrebnadzor), ONCOSCREEN 1-1-
Q (GenoTechnology), with and without registration certifi-
cates: Myeloscreen BCR-ABL (Gene Formula), BCR-ABLA1
Mbcr RQ Kit® (“Inogen”).

In terms of the number of reproducible copies, the ana-
lytical sensitivity of the AmpliSens® Leukemia Quantum
M-bcr-FRT kit was twice as low as that of the analyzed
kit, amounting to 237 copies/mL vs 100 copies/mL.* At the
same time, the analysis using the AmpliSens® Leukemia
Quantum M-bar-FRT kit involves setting up a reverse tran-
scription reaction initially in isolation, and then performing
real-time PCR, which is quite laborious. Unlike the refer-
ence kit, the developed kit used a mixture that allows de-
tecting the expression of BCR::ABLT p210 mRNA in one
tube.

The results of quantification of BCR:ABLT mRNA ob-
tained using the kit under study were similar to those re-
corded using the AmpliSens® Leukemia Quantum M-bcr-
FRT kit in all samples. Both sets are capable of identifying
at least a 4.5-fold decrease in the IS ratio.

The BCR/ABL MULTITEST kit can be used to simul-
taneously detect chimeric transcripts p210, p190, and
p230 of the BCR::ABLT gene using the RT-PCR multiplex
format, which is economically feasible during primary
screening [17].

In 2019, Kitamura et al. presented a new high-
sensitive two-stage reagent kit RT-PCR (Reverse
Transcription Polymerase Chain Reaction) with a diag-
nostic sensitivity of 0.01%, which was determined us-
ing the Armored RNA Quant® (ARQ) secondary control
panel (Asuragen, Inc., Austin, Texas, USA) [6]. Dubina et
al. determined the analytical parameters of the test, in
which the specificity should strive for 100%, adequate
for the sensitivity level of 3-5 copies of mMRNA to the
reaction, while the ratio of the BCR::ABL1 transcript to
the normalizer gene should be 0.01% (corresponding to
the level of CMR) [18].

In comparison with its analog system, the developed kit
has a number of advantages. Firstly, it exhibits higher ana-
lytical indicators. Secondly, the use of single-stage RT-PCR
significantly reduces the risk of contamination and techni-
cal errors during the excavation of reagents and samples,
while also reducing the working time of personnel. Finally,
the multiplex mixture of specific probes and primers used
over two detection channels can significantly reduce the
amount of expendable materials used.

Thus, we have succeeded in creating a highly sensitive
multiplex test system for simultaneous detection of e13a2
(b2a2) and e14a2 (b3a2) transcripts of the p210 transloca-
tion, which also assumes endogenous internal control to
assess the correctness of all stages of PCR, including RNA
isolation.

CONCLUSION

Quantification and detection of translocation in CML is
essential for selecting adequate treatment protocols and
monitoring disease recurrence. Sensitive and accurate
monitoring of minimal residual disease plays an important

4 https://roszdravnadzor.gov.ru/services/misearch
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role in managing CML, facilitating the decision-making
process concerning treatment cessation and identifica-
tion of patients at risk of progression. The conducted test-
ing of the developed test system, which makes it possible
to detect the p210 transcript of the chimeric BCR::ABL1
gene, showed a sufficiently high order of diagnostic spec-
ificity and sensitivity of the developed set of reagents for
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