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Summary

Some basic biological and cytogenetic characteristics of
leukemic cells in EVII-positive (EVII*) acute myeloid
leukemia (AML) are shown to be different for pediat-
ric and adult patients, like as their response to chemo-
therapy and hematopoietic stem cell transplantation
(HSCT). Hence, one may also expect different pathoge-
netic roles of leukemic precursors in these AML vari-
ants. Our aim was to check this opportunity, and we have
quantitatively assessed mRNA expression by leukemic
precursors using a recently proposed BAALC/WTI mo-
lecular panel. The levels of BAALC, WT1 and EVII gene
expression were determined simultaneously in bone
marrow samples from 8 pediatric and 6 adult patients
with EVII* AML by means of quantitative real-time pol-
ymerase reaction (RT-qPCR) at specified time-points:
a) upon primary diagnosis, b) prior to HSCT, and c)
during post-transplant relapse (PTR). Blast cell counts
were also provided for these bone marrow samples.
Our study showed BAALC gene overexpression in both
groups at all the tested stages. Before hematopoietic stem
cell transplantation (HSCT) BAALC overexpression was

CTT JOURNAL | VOLUME 10 | NUMBER 2 | JULY-AUGUST 2021

revealed in 6 of 14 patients which could be associated
with real difficulties for chemotherapy preparation for
HSCT in this category of patients. Moreover, BAALC, or
combined BAALC/WTI1 overexpression were revealed
in most patients with posttransplant relapse (PTR), thus
suggesting a crucial role of BAALC-expressing precur-
sors for the emerging relapses. Worth of note, BAALC
overexpression was absent at all the tested stages of M3
and M7 FAB-variants, probably, due to more mature na-
ture of appropriate precursor cells. In general, determi-
nation of BAALC- and WT1I-expressing precursors by
means of RT-qPCR seems to be a promising approach to
the studies of precise pathogenetic mechanisms in differ-
ent AML variants, as well as to diagnostics of emerging
relapses and, thus, it may be quite important for clini-
cal practice.
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Introduction

Previous studies have shown heterogeneity of leukemia-pro-
ducing cell populations in the patients with acute myeloid
leukemia (AML) [1]. In model experiments with human
leukemic cells transplanted into immunodeficient mice,
the earlier CD34+CD38- human stem cells were responsi-
ble for leukemia induction and, moreover, were able to ex-
press a pan-specific Brain And Acute Leukemia Cytoplasmic
(BAALC) gene [2, 3]. Moreover, similar experiments with
acute promyelocytic leukemia (APL) cells revealed more
mature leukemia-initiating precursors [4 Patel et al, 2012],
which, along with blast cells, according to our hypothesis,
might express WT1, another pan-specific gene [5-7]. Since
mRNA of the both genes may be detected with quantitative
real-time PCR (RT-qPCR), we attempted to evaluate the
genes of interest by means of this standard approach [5-7].
Our works have yielded the following results: a) important
role of BAALC expressing stem-cells in post-transplant re-
lapses (PTR) of AML [5-6]; b) proven clinical effect of a
targeted drug (Mylotarg) upon the levels of leukemic stem
cells and precursors [7]; and ¢) possible presence of leukemic
hematopoietic regulators causing transition from some im-
mature stem cells in AML to more mature precursors [5, 7]
as well as in APL [6]. To support this hypothesis, we have
recently studied leukemic hematopoiesis in a mixed group
of adult and pediatric patients with EVII-positive AML.
Chromosome aberrations at the 3926 locus are considered
common in adult patients, however, being virtually absent
in pediatric cases. Meanwhile, EVII-positive AML with
presumable rearrangements of KMT2A gene was found in
one-fourth of pediatric patients [8-10], thus also present-
ing essential age-dependent differences in responses to
therapy and HSCT. At the same time, an excellent response
to retinoid treatment has been recently revealed in all types
of EVII-positive AML [11], which seems to be associated
with their direct action upon functional activity of stem cells
[12].

The aim of our work was to test BAALC/WTI molecular
panel in the mixed pediatric and adult cohort of patients
with of AML variants which are generally resistant to inten-
sive therapy and HSCT.

Patients and methods

1.1. Patient cohort

Our retrospective study presents the data on BAALC and
WTI gene expression levels measured in parallel in the
course of serial bone marrow sampling from fourteen
EVII-positive patients with different AML FAB-variants,
who underwent allogeneic HSCT at R. Gorbacheva Memori-
al Research Institute of Children Oncology, Hematology and
Transplantation (St. Petersburg) from 2010 to 2016 years.
This group included 8 pediatric patients under 18 years and
6 adults with AML. In all the patients, BAALC and WT1I gene
expression changes, as well as blast cell counts were serially
monitored in the same bone marrow aspirates. Written in-
formed consent was obtained from all patients, following the
Declaration of Helsinki Recommendations.

1.2. Analysis of BAALC and WTI gene expression
levels

Total mRNA was extracted from fresh bone marrow samples,
its reverse transcription and estimation of the BAALC gene
expression level were performed by quantitative real-time
PCR (RT-qPCR) as elsewhere described [13]. In brief,
BAALC transcript copy numbers (CN) were determined by
means of BAALC RQ-Kit (Inogene, Russia), including plas-
mid standards for plotting appropriate calibration curves for
BAALC and ABLI reference gene. Basic control time points
for the bone marrow examination were as follows: at diagno-
sis (e.g., D-80), prior to conditioning (D0), and, as obligato-
ry diagnostics, in post-transplant relapses (PTR). A median
follow-up time after HSCT was 7 months (range, 0.6 to 52.5
months). Relative BAALC expression level was calculated
as a ratio of CN,,, . to CN, and expressed as a percent
value. The expression level of 31% was chosen as a common
cut-off value to study clinical significance of BAALC gene
overexpression before and after HSCT. This value was shown
to exceed maximal BAALC expression levels in the patients
with pre-transplant cytological remission without any signs
of the disease progression.

In parallel, the WT1 gene expression levels were determined
in each sample at the same time points. The copy numbers
of WTI transcripts were evaluated by the similar RT-qPCR
method, according to Recommendations of European Leu-
kemiaNet Group [14]. The basal WTI expression level of
250 copies per 10* copies of ABLI reference gene was used
to discriminate between low and high WT1 expression rates.
Similarly, the 10 per cent expression level was considered
a cut-off value when studying clinical significance of EVII
overexpression.

1.3. Statistical analysis

Due to small numbers of patients in the tested groups, full-
scale statistical analysis was not carried out. The data with
asymmetric distribution were presented as extreme rang-
es and median values. Overall survival (OS) and relapse
free-survival (RFS) were measured from DO until the date
of death, regardless of cause, or until the term of document-
ed relapse, or last contact date. STATISTICA software was
used for calculations. P< 0.05 was considered the statistically
significant difference level, having been determined in every
case.

Results

Basic clinical and laboratory data are presented in Table 1.
They concern eight pediatric (lower 18 y. 0.) and six adult
patients. The common levels of EVII expression ranged
from 0.3% to 130%, being the highest in 26 year-old female
with M1 FAB-variant (#11) with complex karyotype. One
should note that the cytogenetic changes in pediatric pa-
tients were not related to specific 3q26 locus, whereas this
pattern of chromosome aberrations was found in 5 of 6 adult
patients (83%). At the same time, one of pediatric patients
(#5) showed KMT2A rearrangements which are more typi-
cal to this type of childhood AML. In general, the cytogene-
tic aberrations ranged from chromothripsis (#1) and highly
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Table 1. Clinical and laboratory parameters of pediatric (#1-8) and adult (#9-14) variants of EV/I-positive acute mye-
loid leukemia, treated with hematopoietic stem cell transplantation

Initial phase Before HSCT PTR
Gen- wsar (R os
# | FAB Age | Cytogenetics BAALC,| WTI, | EVII, | Blasts, | BAALC, | WTI, | EVII, | Blasts, | BAALC, | WTI, | EVIT, | Blasts, lapse da'us

der % copies | % | % % copies| % | % % copies| % | % type (n3)

46,XX;t (3;8), misbal-
anced trans-loca-
tions t(5;7), t(7.17),
t(1115), t(5,17), del(
15q),

r(17), der (21) with
duplication some
segments of 21q
and ins(15q) along
all longevity of
derivative chromo-
some #21

47, XX, r(7)(p12q36),
+21[19]/46XX[1]

n/d n/d n/d |n/d |32 46 3 16.2 9 3315 (99 | 604 |rel 1 98*

n/d 16029 (T 376 |2 9 2 5-2 = = = = n/rel |0 1830

3 7 F | 3 [46XX n/d n/d n/d (n/d |25 3693 (90 (134 (03 1049 (53 | 208 |n/rel |1 258*

45XXt(612)
(26:q23)-7[10]

46XY, t(911)(p22,923),
del(3)(p26:q28)

46XY,del(TT)
6 | bi | M| 8 |(qBg3)6l/46XY |n/d |n/d |n/d [n/d |51 2048 (37 |72 |1 |10239|22 | 304 |haplo |1 317+
[131/46 XX[1]

45XY-
7[14)/45,idem,
del(12)(pT1)
[41/46.XV[2]

46 XXt(15:17) PML-
RARa

45XX,inv(3)
9 4 F | 21 [(q21g26).t23)(a? 107 867 49 |17 44 2025 |38 (9 389 [M65 |22 |[315 n/rel |1 83*
12,921), -7[6]/4[14]

46,XY,inv(3)(q21926)
10| 4 M| 24 |[B3] n/d n/d n/d |n/d 64 199 (5 (384 |- = = = n/rel |0 628
/46,XY[7]

46,-X,der(X) t(X;17)
(p22; q225),der(1)
t(117)(p36;q2?
1),inv(11)
(p15022),+21[3]/46,-
n 1 F | 26 |Xder(X)t(X17) 130 10493 |23 842 |10 61 1 34 125 6500 |22 512 n/rel |1 400*
(p22:9275),
der(l)t(1;3)
(p36;q26),inv(11)
(p15022),+21[21/46
XY[15]

46,XY,t(3712)(q26;p13)
[11] /45,XY-
idem-7[21/46,XY,
idem,+marf7]

48XY:+9,del(1)
B 2| M| 39 |[EB2 nvd  |n/d |n/d [n/d |n/d |n/d [n/d |n/d |83 1887210 |26 [n/rel
[21/46XX[28],

45XYinv(@3)
(q21q26),-7[15]

n/d n/d n/d (n/d |19 234 |1 86 100 |436 |2 298 |[haplo |1 355*

n/d 1222 (81 |[n/d 5 29 |4 14 = = = = n/rel |0 2131

45 1753 (0,03 88 135 32 1.7 |48 = = = = haplo |0 2581

n/d n/d n/d |n/d 0.8 2957 |21 |18 21 32684|321 |244 |n/rel |1 136*

n/d n/d n/d |n/d 2 T 54 |38 24 4542 (88 |21 rel 1 195*

—_

17*

14 2 M | 56 n/d n/d n/d |n/d 58 2671 (26 |76 n/d n/d |n/d |n/d rel 2 124*

*, deceased patients; n/d, no data; rel, related; n/rel, nonrelated; haplo, haploidentical; overexpressed levels of BAALC expression
and higher meanings of OV in children are noted by red and green colours, respectively
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complex karyotype to single reciprocal translocations (#8) or
deletions (#6). Normal karyotype was registered only in one
child (#3).

One should comment that primary diagnosis in most pa-
tients was assessed at regional hospitals, where precise mo-
lecular diagnostics was not available. Therefore, molecular
markers at the early stages of disease are lacking in these
patients.

Despite this drawback, elevated BAALC expression in
EVII-positive AML at primary diagnosis was demonstrat-
ed both in pediatric (#7) and adult (#9, 11) patients, being
higher in adults.

Before HSCT, overexpression of BAALC was seen in three
pediatric patients (#1, 6, 7), as well as in two adults (#9, 14)
who, along with increased blast counts, showed insufficient
response of these leukemic cells to pretransplant therapy.
This pattern of response is also confirmed by common ele-
vation of WT1 level expression prior to HSCT (6/13; 46%).
Finally, upon emergence of post-transplant relapse (PTR)
in 5/6 adult patients and 5/8 pediatric ones, the elevated
BAALC expression was revealed in five cases (#4, 6, 9, 11
and 13), being the highest (389%) in a young female with se-
condary (from MDS) M4-FAB-variant of AML (# 9). WT1I
gene expression at diagnosis, was enhanced in patients #7,
#9 and #11 (11753, 867 and 10493 copies, respectively), with
appropriate increase of blast numbers in bone marrow (resp.,
88%, 17%, and 84%). At pre-transplant stage, the levels of
WT1I expression were increased in the patients #3, #6, #8, #9
and #14 (up to 3693, 2048. 2957. 2025 and 2671 copies, re-
spectively), showing only weak correlation with blast counts
in their bone marrow samples (13.4, 7.2, 21, 38 and 7.6, re-
spectively.) Comparison of these data argues for our earli-
er concept presuming an active participation of other cell
populations in WTI gene expression, for instance, of more
mature precursors recently found in successful xenograft of
APL samples in immunodeficient NOD/shi-SCID IL2Ry-/-
mice [4].

Finally, at stage of PTR, increased WTI expression levels
were found in patients #1, 3, 4, 6, 8, 9, 11, 12, and 13 (re-
spectively, 3315, 1049, 436. 120239. 32684, 1165, 6500, 4542
and 18872 copies) that also weakly correlated with number
of blasts in tested bone marrows (60.4, 20.8, 29.8, 30.4, 24.4,
31.5,51.2, 21, and 26%, respectively).

In conclusion, one should notice that the patients with M3
(#8) and M7 (#1 and 3) had lower levels of BAALC expres-
sion at all studied stages, which is explained simply by ba-
sic role in hematopoiesis with more mature precursors than
BAALC-expressing stem cells. Further, one may conclude on
opportunity for different variants of emerging PTR. Thus,
in several cases (#4, 6, 9, 11, and 13), PTR were associated
with activation of both BAALC-expressing stem cells and
WT1I-expressing mature precrsors. Meanwhile, PTR in pa-
tients with M3 (#8), M7 (# 1, 3 and single presenters of M5
(#12) FAB-variants were accompanied by WTI expressing
precursors only.

Discussion

Hence, despite different biological and cytogenetic char-
acteristics of pediatric and adult EVII-positive AML, they

revealed relatively higher levels of BAALC-expressing precur-
sors at diagnosis, as well as at pre- and posttransplant stages,
which, in turn, may be related with great difficulties in pre-
parative regimens for HSCT. The real difference between the
age groups consisted only in more often relapse-free course
of leukemia in children (n=3), than that was among adults
(n=1). Therefore, median of overall survival in pediatric pa-
tients was longer than that in adults (999 vs 317 days, respec-
tively) which is statistically significant (p<0.05). Presence of
cases with AML FAB-variants of M7 (n=2) and M3 (n=1)
in pediatric group among these patients may be another rea-
son for absence of expected difference in OS. These patients,
generally, do not show higher levels of BAALC expression,
due to alternative nature of hematopoiesis precursors.

Conclusion

To reveal the expected difference in BAALC-expressing pre-
cursors between pediatric and adult EVII-positive AML,
further studies should be performed in larger cohorts of
carefully chosen patients, with omission of M7 and M3 FAB-
variants.

Our simultaneous measurements of BAALC and WTI-ex-
pressiong leukemic precursors by means of standardized
RT-qPCR supported crucial role of BAALC-expressing stem
cells in pathogenesis of EVII-positive AML and relapses
evolving in both tested groups.
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Ouenka BAALC- v WTI-3kcnpeccmpyiowwmx nenKo3HbIX
KNeToK-npeALecTBEHHUKOB y 1eTein U B3poUIbIX

C EVIFF-no3utneHbIM 0CTpbIM MUenobnacTHbIM
NIeKO30M nocpeacTsoM KonudecrseHHon [NLP

B peXuUMe peasibHoro BpeMeHMu

Huxomnait H. Mamaes, Anena J1. lllakuposa, lInbgap M. bapxatos, Muxaun M. Kanynnukos, Tatbsana JI. Iunguna,
Ixaman JK. PaxmanoBa, Onecs B. Ilanna, Mapus B. JTarsinosa, Tatesna 0. Ipauesa, JTrogmuna C. 3y6apoBckas

HVW geTckoit oHKOMOrMM, TeMaTonornu 1 Tpancantonoruy uM. P. M. Top6auesoii, Ilepsoiit Cankt-IleTep6yprekuii
TOCy[apCTBEHHbIT MeIUUMHCKIIT yHUBepcuTeT uM. akap. V. I1. [TanoBa, CankT-IleTep6ypr, Poccus

Pe3slome

[TokasaHo, UTO P OCHOBHBIX OMOTOTMYECKUX U V-
TOT€HETUYECKNX XapaKTePUCTUK JIEMKO3HBIX KIIETOK
npu EVII-nosutuBHoM (EVII*) ocTpoM Mueno6mact-
HoM Jieiiko3e (OMJI) pasiudeH y HallMeHTOB IETCKOTO
BO3pacTa U B3POCTIBIX, KaK U MX OTBET Ha XMMUOTEpa-
M0 ¥ TPAHCIUVIAHTAIUIO T'€MOIIO3TUYECKUX CTBOJIO-
Boix K11eToK (TTCK). Takum 06pa3om, MOKHO OXXVIATh
U PasIMYHYI0 MATOTEHeTMYECKYI0 PONb JIEeKO3HBIX
KJIETOK-TIPE[IIeCTBEHHNKOB IIPM [AaHHBIX BapMaHTaX
OMJI. Hamreit uenpo 6pU1a IpOBEPKA 9TOM BO3MOXK-
HOCTM, ¥ MBI KO/IMYECTBEHHO OIpPeZe/Is/IN SKCIPECCHUIO
MPHK 71e/iK03HBIMM K/I€ TKaMM-TIPENIIeCTBEHHNKAMU C
IIpYMEHEHNEM He[laBHO IIPENI0KEHHON MOIEKY/IPHO
mopemu onjeHK BAALC/WTI. YpoBHM 5KCIIPECCUN Te-
HOB BAALC, WTI1 n EVII onpepensanm IapaiebHO
B 0Opasiax KOCTHOTO MO3Ta y 8 HAalMeHTOB HeTCKO-
ro Bo3pacrta u 6 B3pocnbix ¢ EVII* OMJI ¢ momomibio
KomyecTBeHHOM IIIIP B pealbHOM peXXMMe BpeMEHM
(PT-xIILIP) B KOHKpeTHbIEe CPOKM: a) IPY IEPBUYHON
puarHoctuke, 60) nepen TTCK u B) Ha ¢poHe nocTTpaHC-
wranTanuonHoro penyaya (ITTP). ITogcueT 6/1acTHBIX
dbopM mpoBOAWIM B 9TUX K€ 006pasIiax KOCTHOTO MO3-
ra. Hamm pesynbTaTsl IOKa3any HaaM4ue TUIEPIKC-
npeccru reHa BAALC B 06eux rpymmax Ha BCeX 9Ta-
max mccrenoBanuAa. [mmepakcupeccuss BAALC mepern
nposeferreM TTCK BbiABnANach y 6 n3 14 manyeHToB,
YITO MOXKET OBITH CBSI3aHO C PEATbHBIMU CITOXKHOCTAMMU
xumuotepanun A nocnepyomeit TTCK B aroit Ka-
Teropuy 601IbHBIX. KpoMe TOro, IIOCKOIbKY IMIIepPIKC-
npeccrst BAALC v BAALC/WTI 6bima o6Hapys>xeHa
y 60ompLIHCTBA ManyeHToB ¢ penupnsoM mocie TTCK,
MOYXHO IIpefIoNaraTb o Kmo4deBoit pom BAALC-3kc-
IIPECCUPYIOLINX IPEeIIeCTBEHHIKOB B PA3BUTHM PeIii-
IMBa.

Hapno oT™eTuTs, uto runepakcnpeccuss BAALC He BbI-
ABJIANACh BO BCEX MICCIENIOBAaHHBIX 3Talax npu M3- n
M7-Bapuantax OMJI, BO3MOXXHO, 6rmarofapsi 6onblire-
My ypoBHIO IMddepeHuNPOBKM COOTBETCTBYIOUINX
K/IETOK-TIpeAIIECTBEHHNKOB. B 1ie/toM, ompepeneHne
BAALC- u WTI-skcrpeccupyoux MpeAiecTBeHHN-
koB nocpenctsoM PT-kIIIP npexcrapiaseTcs mepcrek-
TUBHBIM IIOIXOOM K MCCIEOBAHUAM KOHKPETHBIX
IaTOreHeTNYECKUX MEXaHM3MOB IIPY PAa3INIHbIX Baph-
anTax OMJI, a Takke IIpu AMATHOCTMKE BO3HMKAIONIUX
PELMANBOB U MOXeET ObITh BeCbMa BaXKHBIM /IS KIINHU-
YECKOV MPaKTUKM.

Kniouesble ¢10Ba

Ocrtpelit Myeno6macTHelil n1eitko3, EVII-o3uTUBHBII,
JeTV, B3POCTble, TPAHCIIAHTALMA TeMOMOITUYECKUX
CTBOJIOBBIX KJIETOK, penuauBbl, akcmpeccus BAALC,
akcnpeccua WTI, sxkcripeccus EVI, ipefiiecCTBeHHUKN
JIEMTIKO3HBIX KJIeTOK, KojmmuecTBeHHas [11IP.
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