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Summary
The aim of this study was to clarify close associations 
between population of bone marrow blast elements de-
fining cytological relapse, and that of leukemic precur-
sor cells by means of serial quantitative measurement of 
WT1 and BAALC molecular markers expressed by ap-
propriate cell types. In clinical terms, we sought to eval-
uate a potential for evolving leukemia relapses following 
hematopoietic stem cell transplantation (HSCT). The 
post-transplant relapses (PTR), in view of their biolog-
ical mechanisms, may be detected by overexpression of 
distinct differentiation-related genes.

Patients and methods
We have done parallel serial measurements of BAALC 
and WT1 gene expression in bone marrow cells of the 
patients with acute myeloid leukemia, using quantitative 
real-time PCR (qPCR) with gene-specific primers.

Results
An initial pilot study was carried out in twelve patients 
with elevated WT1 expression levels and normal blast 
counts (<5%) in bone marrow at the time of allogeneic 
HSCT. It has shown that the relapse occurrence and 
shorter relapse-free survival (RFS) post-transplant were 
more common in the subgroup with higher BAALC gene 
expression level as compared to those without BAALC ex-
pression elevation (p=0.002, and p=0.019, respectively). 

Moreover, when analyzing the validating patient co-
hort, we have found that the simultaneous elevation of 
both BAALC and WT1 expression, known as unfavora-
ble prognostic factor, was more frequently observed in 
the patients with AML М1, М2, and М0 FAB-variants. 
Preliminary results show an inferior overall survival 
(a mean of 228 days) in AML patients with combined 
overexpression of the both genes immediately before 
HSCT, like as in post-transplant period. In conclusion, it 
should be noted that our findings of simultaneous over-
expressions of BAALC and WT1 genes in great cohort of 
adults and children patients with different FAB- variants 
of AML treated by means of allo-HSCT were revealed 
for the first time. Being associated with poor prognosis, 
this double test should be used actively for post-trans-
plant monitoring of all patients with AML.  
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Introduction
The Brain And Acute Leukemia Cytoplasmic (BAALC) gene 
becomes a new molecular star on the horizon of leukemia 
research. Its protein was initially discovered in the cytoplasm 
of central nervous system neuroderm cells [1]. Later on, a 
sufficient role of BAALC gene overexpression as a prognostic 
marker and pathogenetic factor of acute myeloid leukemia 
(AML) proved to be more obvious [2-4]. Initially, the BAALC 
overexpression was revealed in the patients with chromo-
some 8 trisomy, wherein BAALC gene maps. More recently, 
this abnormality has been demonstrated in 50-60% of AML 
patients with different morphological and cytogenetic vari-
ants [5-8]. Thus, BAALC gene overexpression proved to be 
rather specific for AML patients with t(8;21) translocation 
[5]. Meanwhile, the incidence of such phenomenon was also 
high in M0 and M1 AML FAB-variants [6]. On the contrary, 
it was observed extremely rare in AML M3 [7]. 

The BAALC gene expression has been recently shown to be 
closely associated with leukemic CD34+ but not CD34- pre-
cursor cell population which may initiate a relapse of acute 
leukemia that was shown in experiments with precursor cell 
enrichment [9-11]. Great contribution of early leukemic pre-
cursors, particularly CD34+/CD38- cells, to BAALC expres-
sion was demonstrated in other works [12], as document-
ed by growing number of studies in the field [4, 13-18]. It 
is essential that the above-mentioned precursor cells with 
CD34+/CD38- phenotype may be responsible to regulate 
size of blast cell population, which, in turn, is able to express 
WT1 gene mRNA. Therefore, the latter gene is considered 
to be a basic molecular marker for AML relapses [19]. Since 
both these markers are functionally associated with chang-
ing levels of leukemic cells in AML patients treated by allo-
geneic hematopoietic stem cell transplantation (allo-HSCT), 
the parallel  study of their expression seems to be quite im-
portant both in clinical and tumor biology aspects [5, 20].

One of such studies [5] included a cohort of 45 adult pa-
tients with core-binding-factor-positive AML, of which 28 
cases had a standard t(8;21) translocation, and 17 patients 
harbored the inv(16) aberration. This work revealed that 
the patients with elevated BAALC gene expression level at 
diagnosis had shorter overall survival (OS) and relapse-free 
survival (RFS) (p=0.031, and p=0.011, respectively) along 
with significantly increased cumulative incidence of relapse 
(CIR) post-transplant (p=0.002). In this setting, the de-
crease of BAALC gene expression level following induction 
chemotherapy had no impact on results of allo-HSCT or 
auto-HSCT in one-third of this group.

This study has shown for the first time that the elevated 
BAALC and WT1 gene expression levels over post-trans-
plant period in the patients with core-binding-factor-posi-
tive AML may be associated with unfavorable clinical prog-
nosis. It should be noticed here, that all the associations 
between BAALC and WT1 gene expression and basic clinical 
parameters were obtained in the cohorts with intermediate 
or favorable cytogenetic AML variants. At the same time, 
such associations are not confirmed in more heterogeneous 
groups of patients, including both favorable and dismal AML 
variants [21]. When explaining these differences in clinical 

and laboratory characteristics among two patient groups, we 
consider an important role of particular chromosomal aber-
rations to be responsible for the transformation of leukemic 
cell precursors from the sleeping condition to more active 
state.

The aim of this study was to clarify close associations be-
tween population of bone marrow blast elements defining 
cytological relapse, and that of leukemic precursor cells 
by means of serial quantitative measurement of WT1 and 
BAALC molecular markers expressed by appropriate cell 
types.

Patients and methods
Our study presents the data on WT1 and BAALC gene ex-
pression levels measured in parallel, during serial assays of 
bone marrow samples taken from sixty-one patients with 
initial diagnosis of AML. All the patients were treated with 
allo-HSCT at R. Gorbacheva Memorial Research Institute 
of Children Oncology, Hematology and Transplantation 
(St. Petersburg) from 2010 to 2016 years. The study group 
included 27 females and 34 males at the age of 3 to 66 years 
(median age 23.5 years old). Twelve patients were classified 
into the group with evident cytological remission (<4% in 
the bone marrow) at the time of HSCT, however, showing 
WT1 overexpression in the marrow samples [22]. Among 
the remaining 49 patients with different AML FAB-variants, 
serial BAALC and WT1 expression changes have been eval-
uated individually, being combined with blast cell counts in 
the same bone marrow aspirates.

Total mRNA extraction from fresh bone marrow samples, 
its reverse transcription and quantitative estimation of the 
BAALC gene expression level were performed as previous-
ly described [23]. Basic control time points for bone mar-
row sampling were as follows: at diagnosis (e.g., D-80), just 
before allo-HSCT, prior to the conditioning (D0) and after 
allo-HSCT, i.e. on D+30, D+60, D+90, D+150 and later 
post-transplant. The bone marrow sampling was obligatory 
in cases of PTR occurrence. A median follow-up time after 
HSCT was 7 months (range from 0.6 to 52.5). The analysis of 
BAALC gene expression included a total of 93 samples tested 
at clinical (cytologically proven) relapse, and 299 specimens 
were taken during clinical remission. In parallel, the WT1 
gene expression levels and blast cell counts were determined 
in each sample at the same time points. A basal BAALC ex-
pression level of 31% to the reference gene was chosen as 
a common cut-off value to study clinical significance of 
BAALC gene overexpression before and after HSCT, in or-
der to perform molecular monitoring of leukemic precur-
sors and interaction of blast cell populations. This value was 
higher than the maximal BAALC gene expression in those 
patients with pre-transplant cytological remission who did 
not show any clinical signs of the disease progression. The 
copy numbers (CN) of WT1 transcripts was determined by 
the same quantitative real-time PCR method, according to 
recommendations of European LeukemiaNet group [24]. 
The basal WT1 expression level of 250 copies per 104 cop-
ies of ABL1 reference gene was applied to designate low and 
high WT1 expressors.
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Statistical analysis
Descriptive statistics methods for data with asymmetric dis-
tribution were used, with evaluation of the sample ranges 
and median values. Two-year relapse-free survival (RFS) and 
cumulative incidence of relapse (CIR) were calculated using 
Kaplan-Meier method, and the log-rank test was used to 
compare differences between survival curves. RFS and CIR 
were measured from D0 until the date of death, regardless of 
cause, or until terms of documented relapse, or last contact 
date. P <0.05 was considered a statistically significant differ-
ence level. SPSS software version 22.0 (IBM corporation, Ar-
monk, NY, USA) was used for statistical analysis.

Results
Initially, we estimated clinical significance of the BAALC 
gene overexpression in AML patients with a false cytolog-
ical remission at the moment of transplantation. A term of 
"misleading" cytological remission was used to refer to clin-
ical state with elevated WT1 expression level (higher than 
250 copies per 104 copies of reference gene ABL1) combined 

Figure 1. The difference between RFS (A) and CIR (B) 
depending on the BAALC gene expression level at the 
moment of allo-HSCT in the group of patients trans-
planted in a "misleading" cytological remission

Figure 2. Distribution of individual values and median 
levels of BAALC gene expression in relapsing patients 
with different AML FAB-variants
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with normal marrow blast counts (less than 5%). Among 12 
such cases, nine patients (75%) did not express BAALC at 
the levels above the chosen cut-off of 31%, whereas increased 
BAALC expression was detected in three other patients. 
Despite limited number of tested AML cases, the RFS and 
CIR in the latter group appeared to be significantly worse, 
compared to those with low BAALC expression (р=0.019 и 
p=0.002, respectively), as seen from Fig. 1.

Hence, one may conclude that the patients with combined 
WT1 and BAALC overexpression could be classified into 
prognostically unfavorable group, associated with high risk 
of early post-transplant relapse. This regulatory function 
seems to be retained in nine patients studied at the moment 
of transplantation. However, it could be lost in three other 
patients, in whom a combined WT1 and BAALC overexpres-
sion took place. 

The BAALC and WT1 expression levels for the previously 
discussed AML patients [23] were assessed in the context of 
our recent findings. As shown in Fig. 2, the highest BAALC 
expression levels were observed in relapsing patients with 
AML classified as M1 and M2 FAB-variants, with interme-
diate values in M0, M4 and M5 FAB-variants of AML. The 
lowest BAALC expression was detected in AML M3 and M7 
cases.

A

B
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In addition, we have studied the BAALC gene expression 
levels in patients with different cytogenetic AML variants. 
According to our data, the highest BAALC gene expres-
sion levels among cases with favorable cytogenetic changes 
were observed in the patients with t(8;21) (N=21), and in 
subgroups with unfavorable karyotype, i.e., aberrations in 
chromosomes 5 and 7 (N=23), as well as complex karyotype 
(N=8), and other severe abnormalities (≤2) (N=11, data not 
shown). In cases of relapse, no statistically significant differ-
ences of BAALC gene expression levels were noted between 
these subgroups.

The patient cohort with higher BAALC gene expression 
(>31% in relapse) consisted of 30 out of 50 cases (60%), in-
cluding eight patients with both M1 and M2 FAB- variants 
of AML. A combined BAALC and WT1 overexpression was 
observed in 28 cases of 30 (93.3%). The data on two patients 
with M1 and M2 FAB-variants of AML are shown below 
(Fig. 3, 4).

As seen from Fig. 2 and Table 2, the BAALC gene expres-
sion levels in PTR were higher in patients with AML M1 and 
M2, and sufficiently lower in AML M4. In order to discuss 
in details some special interactions between leukemic cell 
precursors and blast cell populations, determined by means 
of QR-PCR, we have demonstrated here complete clinical 
and laboratory characteristics from a larger group of patients 
with different cytological and cytogenetic AML variants 

according to FAB criteria. Our study cohort consisted of 
22 patients (11 cases for each AML M1 and M2- variants). 
Twenty one of them had a fully characterized cell karyo-
type. Simultaneous overexpression of both BAALC and WT1 
genes at PTR was detected in four and three AML M1 and 
M2 cases, respectively (Table 2). As based on these data, the 
presence of a combined gene overexpression in the patients 
at post-transplant period is considered an index of unfavora-
ble prognosis.

As seen from Table 2, simultaneous overexpression of 
BAALC and WT1 genes at relapse at any stage of the disease 
(at diagnosis, D0 pre-transplant, or PTR) occurred in 28/55 
(56%) patients. It was observed in eight patients with AML 
M1 (72.7%), 8 patients with AML M2 (72.7%), as well as in 
1 (33.3%), 8 (50%), 2 (40%) patients with AML M0, M4, and 
M5, respectively.

To illustrate this concept, several clinical cases of each AML 
M1, M2 and M4 FAB-variants are represented below (Fig. 
3 to 5). The relative ratios of leukemic cell precursors or 
blast cell burdens were monitored as BAALC and WT1 gene 
expression levels, respectively, as shown for a patient with 
AML M1 (Table 2, Fig. 3). In this case No.4, a simultaneous 
BAALC and WT1 overexpression took place at diagnosis, 
and at 2nd and 3rd PTRs that occured despite second HSCT 
and high-dose chemotherapy which was unsuccessful.
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Figure 3. Monitoring of BAALC and WT1 mRNA expression levels measured by QR-PCR, and bone marrow blast num-
bers in a patient with AML M1 (№4)
The values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and during 1 to 3 PTRs were 1.3; 0.15; 1.25; 1.54 for 
BAALC gene, and 1.05; 0.03; 0.05 and 0.03 for the WT1 gene, respectively. Abscissa, terms of observation pre- and post-trans-
plant, Ordinate, blast numbers (left axis); gene expression (right axis).
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Table 2. BAALC and WT1 gene expression levels at diagnosis, before allo-HSCT (D0) and at PTRs after hematopoietic 
stem cell transplantation in the patients with different AML FAB-variants

№ FAB Gender
Age, 
years

Disease stage PTR 
day

Clinical stages 
with coupled 
BAALC+ and WT1+ 
overexpression

Out-
come

OS, 
days 

Diagnosis D0 PTR

BAALC
%

WT1+ Blasts
%

BAALC 
%

WT1+ Blasts 
%

BAALC 
%

WT1+ Blasts 
%

1 М1 m 21 n/d n/d n/d 0.5 379 2.5 329 7858 70 146 PTR Died 306

2 М1 f 48 17 386 60 n/d n/d n/d 117 281 40 61 PTR Died 98

3 М1 f 54 n/d n/d n/d 32 18439 79.2 77 32981 35.4 24 D0, PTR Died 61

4 М1 f 26 130 10493 84.2 n/d n/d n/d 125 6500 11.6 400 Diagnosis, PTR Died 692

5 М1 f 60 2617 1728 96.6 3 29 0.6 378 197 37 155 Diagnosis Died 382

6 М1 f 18 370 402 32 n/d n/d n/d - - - - Diagnosis Died 95

7 М1 m 18 242 13542 93.2 n/d n/d n/d - - - - Diagnosis Live 730*

8 М1 f 25 n/d n/d n/d 40 1764 13.2 - - - - D0 Died 613

9 М1 f 44 n/d n/d n/d 29 2355 8.8 n/d n/d n/d 21 - Died 45

10 М1 f 32 n/d n/d n/d 21 40 2 4 41 7.8 98 - Live 672

11 М1 m 26 n/d n/d n/d 2 47 2.6 2 35 48 143 - Died 179

12 М2 m 30 4 725 26.8 n/d n/d n/d 153 2363 23 53 PTR Died 194

13 М2 f 15 89 37 71.2 34 322 9 67 2033 45 67 D0, PTR Died 306

14 М2 m 39 n/d n/d n/d n/d n/d n/d 83 18872 26 77 PTR Died 350

15 М2 f 38 n/d n/d n/d 787 8756 59.4 - - - - D0 Died 407

16 М2 m 58 n/d n/d n/d 366 26100 45.8 n/d n/d n/d 763 D0 Died 763

17 М2 m 35 n/d n/d n/d 34 4238 5 - - - - D0 Died 20

18 М2 m 8 321 1236 69.6 22 7 4.2 - - - - Diagnosis Live 469

19 М2 m 9 99 10789 21.2 27 4 1.6 - - - - Diagnosis Live 730*

20 М2 m 28 n/d n/d n/d n/d n/d n/d 23 5518 24 68 - Died 162

21 М2 f 49 n/d n/d n/d 14 4 6.5 n/d n/d n/d 188 - Died 214

22 М2 m 15 0.6 37 8.8 n/d n/d n/d - - - - - Live 730*

23 М0 f 42 n/d n/d n/d 521 8296 14 n/d n/d n/d 138 D0 Died 166

24 М0 m 25 124 2.5 84.6 n/d n/d n/d 82 5 28.2 98 - Died 103

25 М0 f 12 0.01 11168 99 n/d n/d n/d n/d n/d n/d 112 - Died 129

26 М4 m 6 982.1 183 54.6 n/d n/d n/d 7118 296 41.2 246 PTR Died 779

27 М4 f 34 n/d n/d n/d 549 10819 11.6 n/d n/d n/d 526 D0 Died 560

28 М4 m 39 n/d n/d n/d 503 3548 62 - - - - D0 Live 614

29 М4 f 21 107 867 17 n/d n/d n/d 389 529 12 83 Diagnosis, PTR Died 393

30 М4 f 25 107 1790 82 n/d n/d n/d - - - - Diagnosis Live 730*

31 М4 m 5 95 999 65.8 n/d n/d n/d 35 411 12.6 223 Diagnosis, PTR Live 730*

32 М4 m 21 n/d n/d n/d 39 41 5.4 - - - - - Live 518

33 М4 f 28 n/d n/d n/d 34 7367 7.6 n/d n/d n/d 195 D0 Live 730*

34 М4 f 16 34 1479 22.5 n/d n/d n/d - - - - Diagnosis Died 128

35 М4 m 19 27 14929 95 9 1319 25.4 - - - - - Died 311

36 М4 f 19 n/d n/d n/d 25 96 10.6 - - - - - Live 730*

37 М4 m 27 n/d n/d n/d 20 1696 10 - - - - - Died 459

38 М4 m 18 n/d n/d n/d 10 836 7.2 - - - - - Died 61

39 М4 m 17 n/d n/d n/d 5 51 3 6 362 7 99 - Died 197

40 М4 f 55 4 11686 68 n/d n/d n/d 0.06 1020 20 57 - Died 101

41 М4 m 17 n/d n/d n/d 2 2258 12 - - - - - Live 730*

42 М5 f 32 n/d n/d n/d 272 3779 31.6 - - - 23 D0 Died 142

43 М5 m 11 45 11753 88 n/d n/d n/d - - - - Diagnosis Live 730*

44 М5 m 37 2 177 8 2 77 3.8 24 4542 21 195 - Died 423

45 М5 m 22 17 25 94.4 0.6 6 1.4 10 25 9.6 42 - Live 730*

46 М5 m 55 1.3 9631 40 n/d n/d n/d - - - - - Live 730*

47 М3 f 17 n/d n/d n/d n/d n/d n/d 3 32684 24.4 136 - Died 160

48 М3 m 18 0.053 4375 33.6 n/d n/d n/d - - - - - Live 730*

49 М7 f 3 0.25 282 12.8 3 3693 13.4 0,3 1049 20.8 60 - Died 258

50 MDS m 8 n/d n/d n/d 51 2048 7.2 121 10239 30.4 181 D0, PTR Died 317

n/d – no data; -  – no PTR; *  – censored; 2nd - secondary AML developed from MDS; +, mean of WT1 copies/104 copies of ABL1 gene
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In this case, cytogenetic characteristics of leukemic cells were 
different for the 1st and 2nd relapses. At the first PTR, complex 
karyotype changes included loss of chromosome X, deletion 
of 11q and additional chromosome 21 revealed in 15% of 
tested cells, whereas additional unbalanced translocations 
t(X;17), t(1;3), and t(1;17) were detected in the second PTR. 

In another AML case No. 12 (M2 variant) with t(8;21) trans-
location (Fig. 4), a simultaneous measurement of BAALC 
and WT1 gene expression levels revealed overexpression of 
the WT1 gene at diagnosis, with bone marrow blast burden 
of up to 28%. Further on, a combined overexpression of both 
molecular markers was associated with 1st and 2nd relapses, 
thus being prognostically unfavorable. One may suggest that 
the disease progression and fatal outcome occurred due to 
resistance of tumor cells to therapy. 

Similar clinical situation was observed in the next patient 
with AML M4 (No. 31), who received allotransplant at the 
age of five years. In spite of t(8;21) translocation found at 
diagnosis, thus classifying the patient into favorable group, 
an additional deletion 7q – del(7)(q32q36) before transplant 
allowed, however, to evaluate this case as unfavorable one. 
The combined BAALC and WT1 overexpression at diagno-
sis, as well as in first PTR, was accompanied by increased 
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Figure 4. Molecular monitoring of the interaction between leukemic cell precursor and blast cell masses in young 
patient with AML M2 (№ 12) measured by QR-PCR of BAALC and WT1 mRNA expression levels
Values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and in two PTRs were 0.04; 1.5; 0.47 for gene BAALC 
and 0.07; 0.24; 0.27 for gene WT1, respectively. Abscissa, terms of observation pre- and post-transplant, Ordinate, blast numbers 
(left axis); gene expression (right axis).

expression level of a specific RUNX1/RUNX1T1 fusion tran-
script (Fig. 5). Of notice, the blast burden in the bone mar-
row sample at relapse (D+223) was not too high, wherein 
hypothetic inhibition of leukemic precursor cells from side 
of the blast population was minimal, thus explaining higher 
BAALC gene expression levels observed.

Another clinical case (No. 29) concerns a female patient 21 
years old with AML M4 FAB variant (Fig. 6). The first con-
comitant overexpression of BAALC and WT1 genes has been 
observed pre-transplant, associated with complex structural 
chromosomal changes, i.e., monosomy 7, t(2;3) transloca-
tion, as well as 3q inversion. All these abnormalities seemed 
to correlate with a failure to achieve full cytological and mo-
lecular remissions. It has been combined with overexpres-
sion of both BAALC and WT1 genes during the entire post-
transplant period. From this point of view, it is not surprising 
that the first PTR occurred early on D+80 after transplan-
tation. Prognostically unfavorable simultaneous WT1 and 
BAALC overexpression, as well as the same clonal changes 
of karyotype were detected again at that time. The second 
clinical relapse was detected on the day D+232 posttrans-
plant, when overexpression of the both genes was expressed 
even more, and a new additional chromosomal abnormality 
(monosomy 5) was detected on day D+251.
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Figure 5. Molecular monitoring of interactions between leukemic cell precursors and blast cells in the patient with 
AML M4 (№ 31) measured by QR-PCR of BAALC, WT1 and RUNX1/RUNX1T1 gene expression levels 
Values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and in PTR were 0.95; 0.35 for gene BAALC and 0.1; 
0.04 for gene WT1, respectively. Abscissa, terms of observation pre- and post-transplant, Ordinate, blast numbers (left axis); gene 
expression (right axis).

Figure 6. Molecular monitoring of the interaction between leukemic cell precursors and blast cells burdens in patient 
with AML M4 (№ 29) measured by QR-PCR of BAALC and WT1 gene expression levels 
Values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and in two PTRs were 1.07; 3.9; 4 for gene BAALC and 
0.09; 0.12; 2.6 for gene WT1, respectively. Abscissa, terms of observation pre- and post-transplant, Ordinate, blast numbers (left 
axis); gene expression (right axis).
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Another molecular profile has been revealed during serial 
measurement of BAALC and WT1 gene expression levels 
in a 55-year old female patient (Case No. 40, Table 2) with 
the same AML M4 FAB-variant, but with normal karyotype 
(Fig. 7). As shown here, the elevated WT1 gene expression 
level took place not only in pre-transplant relapse, but in 
early PTR as well, which seems to be a result of transplanta-
tion without subsequent cytological remission. At the same 
time, the BAALC gene overexpression was not observed at 
neither of relapses. Instead of successful treatment of the first 
PTR at D+65 after allo-HSCT, the patient developed a new 
cytological relapse accompanied by the WT1 gene overex-
pression, and the lethal outcome was detected at D+101 after 
allo-HSCT.

As regards special AML forms, characterized by the absence 
of BAALC overexpression we observed in 4 (8%) of 50 such 
cases in our cohort (three among them had AML M3 and 
one, M7 FAB-variant). Data of the serial parallel measure-
ment of BAALC and WT1 gene expression levels in one of 
them are represented at Figure 8. Elevated BAALC gene 
expression level over the cut-off level in a 17-year-old fe-
male patient (№ 47) was not observed both at relapse before 
allo-HSCT, or in posttransplant relapse. At the same time, a 
significant WT1 gene overexpression took place in both re-
lapses.

In general, the results shown in Fig. 8 may be explained by 
more differentiated state of promyelocytes providing clinical 
development of acute promyelocytic leukemia, compared to 
CD34+/CD38- cell precursors of leukemic hematopoiesis. 

Figure 7. Molecular monitoring of the interaction between leukemic cell precursor and blast cell masses in patient 
with AML M4 (№ 40) measured by QR-PCR of BAALC and WT1 gene expression levels
Values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and in PTR were 0.035; 0.0006 for gene BAALC and 
1.17; 0.1 for gene WT1, respectively. Abscissa, terms of observation pre- and post-transplant, Ordinate, blast numbers (left axis); 
gene expression (right axis).
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By this reason, they are unable to express BAALC gene. On 
the other hand, some, still unknown, immature leukemic 
cells in M3 FAB- variant AML must have a direct cause high-
er WT1 gene expression levels which should be studied at 
regular basis.

It is reasonable to present here some data on parallel meas-
urement of BAALC and WT1 gene expression level in bone 
marrow samples from a 3-year-old female patient (№ 49) 
with AML M7 (Fig. 9). The BAALC gene expression level was 
under the cut-off value during the entire follow-up period. At 
the same time, WT1 gene overexpression closely associated 
with increasing blast burden in bone marrow, was detected 
during relapse before HSCT, as well as at the posttransplant 
relapse with pronounced blastosis in bone marrow (>60%).

Finally, we would like to demonstrate here some special bi-
ological features of blast elements in AML patients, who did 
not exhibit WT1 gene overexpression. E.g., we present the 
graphs of molecular monitoring by WT1 and BAALC expres-
sion levels in two patients (No. 24 and 26) with M0 AML 
(Fig. 10) and M4 AML (Fig. 11). The first case presents a 
25-year old patient (№ 24), who had reciprocal translocation 
t(3;10)(p21;p11) (without EVI1 gene overexpression), and 
interstitial deletion of chromosome 11 long arm (without 
MLL gene rearrangements, as shown by FISH technique). 
According to this graph, the BAALC gene expression level 
over the cut-off value was detected at relapse before trans-
plantation, as well as at PTR, whereas WT1 gene expression 
level changes were <250 copies per 104 copies of ABL1 gene 
during entire period of study. The lethal outcome of the dis-
ease on the D+133 after transplantation has been associated 
with progression.
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Figure 8. Molecular monitoring of the interaction between leukemic cell precursor and blast cell masses in a 17-years 
old female patient with AML M3 (№ 47) measured by QR-PCR of BAALC, WT1 and PML-RARα gene expression levels 
Values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and in PTR were 0.035; 0.0006 for gene BAALC and 
1.17; 0.1 for gene WT1, respectively. Abscissa, terms of observation pre- and post-transplant, Ordinate, blast numbers (left axis); 
gene expression (right axis).

Figure 9. Molecular monitoring of the interaction between leukemic cell precursors and blast cells in a 3-years old 
female patient with AML M7 (№ 49) measured by QR-PCR of BAALC and WT1 gene expression levels 
Values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and in PTR were 0.0025; 0.0003 for gene BAALC and 
0.03; 0.69 for gene WT1, respectively. Abscissa, terms of observation pre- and post-transplant, Ordinate, blast numbers (left axis); 
gene expression (right axis).
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Figure 10. Molecular monitoring of the interaction between leukemic cell precursors and blast cells in a patient with 
AML M0 (№ 24) measured by QR-PCR of BAALC and WT1 gene expression levels  
Values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and in PTR were 1.24; 0.82 for gene BAALC and 0.0003; 
0.0005 for gene WT1, respectively. Abscissa, terms of observation pre- and post-transplant, Ordinate, blast numbers (left axis); 
gene expression (right axis).

Figure 11. Molecular monitoring of the interaction between leukemic cell precursor and blast cell masses in a 6 years 
old patient with AML M4 (№ 26) measured by QR-PCR of BAALC and WT1 gene expression levels  
Values of molecular indexes (CNgene/104

ABL1) in relapse before allo-HSCT and in the first and second PTRs were 9.8; 71.2; 18.6 for 
gene BAALC and 0.02; 0.03; 0.21 for gene WT1, respectively. Abscissa, terms of observation pre- and post-transplant, Ordinate, 
blast numbers (left axis); gene expression (right axis).
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The data from another clinical case are demonstrated in the 
Figure 11. They relate to a 6-years old patient, who had per-
manently relapsing disease course and has undergone hap-
loidentical hematopoietic stem cell transplantation in cyto-
logical relapse for this reason. In this case, a distinct increase 
in BAALC expression level has been observed upon relapse 
before HSCT, as well as at the first PTR on the day D+246. 
The WT1 expression level at relapse before transplantation 
and at first PTR was did not exceed the cut-off level. It is 
equally important that, according to cytogenetic data, this 
patient has undergone a clonal evolution over the period be-
tween diagnosis and first PTR karyotyping associated with 
its transformation from normal to complex one, including 
rearrangements of both chromosomes 5, as well as X, 2, 6, 9 
and 19. For the first post-transplant relapse, the patient has 
been treated by polychemotherapy in combination with do-
nor lymphocyte infusion and 5-azacytidin. Such supportive 
therapy allowed morphological remission for a sufficient pe-
riod of time. However, the disease progression was detected 
again on the day D+734 posttransplant, as evidenced by a 
combined cytological relapse with myelomonocytic blast 
cells. Their immune profile was as follows: CD34+/CD33+/
CD117+/CD13+/CD38+/CD14+ associated with complex 
clonal rearrangements of chromosomes 2, 5 and 19. It 
should be noted, that, at the second PTR, this patient had 
both BAALC and WT1 genes overexpression, what may be 
explained by hypothetical changes of negative regulation 
of leukemic precursors by the blast cell burden. Finally, 
lethal outcome has occurred in this case on the day D+779 
post-transplant.

Discussion
The data presented here show an opportunity for simulta-
neous BAALC and WT1 gene overexpression in a group of 
AML patients with increased levels of WT1 and normalized 
up to 4% number of blasts in bone marrow samples. There-
fore, it could be considered a strong indicator of poor prog-
nosis in these cases. On the other hand, the levels of BAALC 
and WT1 levels expression determined by means of PCR may 
reflect, in a quantitative manner, the relative sizes of precur-
sor and blast cell burden. Of note, hypothetical correlation 
between these tumor compartments has not elucidated yet, 
and may be not obligatory for all AML cases. The study has 
shown that the absence of BAALC overexpression at trans-
plantation was associated with lower CIR in 9 of 12 patients 
(75%) with abovementioned intermediate clinical status. On 
the contrary, the 3 other patients with elevated BAALC ex-
pression before transplant revealed earlier PTR development 
associated with shorter 2-year OS and EFS, as compared with 
the main group of patients. Hence, an assumption was made 
that simultaneous overexpression of BAALC and WT1 may 
be a useful indicator of dismal post-transplant AML course. 
Keeping this in mind, we showed a double overexpression 
phenomenon to be present in four patients with M1 (N=2), 
M2 (n=1) and M4 (n=1) AML variants associated with 
poor prognosis. Further on, our data showed the levels of 
BAALC expression to be similarly high in patients with im-
mature and mature M1 and M2 FAB-variants, respectively. 
On the other hand, the lowest BAALC expression levels were 
noticed in patients with M3 and M7 AML FAB- variants. 

Today, the absence of BAALC gene expression in patients 
with acute promyelocytic leukemia may be explained by its 
origin from more “mature” cell populations than the stand-
ard CD34+CD38– precursors producing BAALC [25]. The 
same situation seems exist in the M7 FAB variants of AML, 
which also needs a similar additional study. 

In our opinion, the results of BAALC gene expression meas-
urement in patients with M2 and M4 FAB-variants are 
interesting in several regards. Firstly, high expression of 
BAALC and WT1 genes were synchronous in most cases. At 
the same time, the numbers of blast elements in their bone 
marrow aspirates increased to lower degree than expected. 
The simplest explanation for this discordance between find-
ings in AML variants and cell maturity may be that these 
blast elements can differentiate only partially and, therefore, 
transform into more mature cellular populations. However, 
due to decreased size of blast population preserved in this 
kind of AML, some hypothetical regulating mechanisms 
can be activated for additional recruitment of new portions 
of CD34+CD38- precursors into leukemic hematopoiesis. 
Due to mentioned transition of blast elements to the more 
mature hematopoietic compartments, as well as their hy-
pothetical regulator mechanism between blast burden and 
leukemic precursor compartment, the revealed similarity in 
gene BAALC overexpression for M2 and M4 FAB- variants 
of AML, and those in M1 and M0 FAB variants may be ex-
plained in these terms. 

In conclusion, it should be like to notice, that clinical sig-
nificance of our findings, concerning simultaneous overex-
pression of BAALC and WT1 genes in adults and children 
with AML treated with allo-HSCT, and/or donor lympho-
cyte infusions was presented for the first time and could be 
effectively used for clinical diagnostics and prediction of 
relapses in AML patients. The combined WT1 and BAALC 
overexpression was studied in relatively small group of pa-
tients, thus requiring further confirmation in larger groups 
of patients with different FAB variants of AML.
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Клиническое значение феномена гиперэкспрессии 
гена BAALC при прогнозировании посттранспланта-
ционных рецидивов у больных острым миелоид-
ным лейкозом 

Резюме
Цель изучения состояла в выяснении тесных связей 
между популяциями костномозговых бластных эле-
ментов, повышение содержания которых определя-
ет цитологический рецидив ОМЛ, и ответственных 
за рецидив лейкозных клеток предшественников. 
В клиническом плане, мы имели целью оценку по-
тенциала развития рецидивов лейкоза после транс-
плантации гемопоэтических клеток (ТГСК). Пост- 
трансплантационные рецидивы (ПТР), с точки зре-
ния их биологических механизмов, могут выявлять-
ся по гиперэкспрессии определенных генов, связан-
ных с  клеточной диффеенцировкой.

Пациенты и методы
В исследование вошло 61 больных ОМЛ, леченных 
с помощью алло-ТГСК, у которых осуществлено 
одновременное серийное измерение уровней экс-
прессии генов BAALC и WT1 методом количествен-
ной ПЦР в реальном времени с использованием 
ген-специфических праймеров.

Результаты
В группе из 12 больных с повышенным уровнем экс-
прессии гена WT1 и с нормализованным до 4 % со-
держанием бластных элементов в костном мозге на 
момент проведения аллогенной трансплантации ге-
мопоэтических стволовых клеток (алло-ТГСК) было 
показано, что подгруппа с повышенной экспрессией 
гена BAALC характеризуется: а) более высоким чис-
лом ПТР (р=0,002); а также б) укорочением сроков 

безрецидивной выживаемости (БРВ) при сопостав-
лении с группой сравнения (р=0,019). Дальнейшее 
использование этого прогностически неблагопри-
ятного критерия, состоящего из одновременного 
повышения уровней экспрессии обоих генов при 
анализе основного массива данных, показало его 
более частое обнаружение у больных с М1, М2, 
М0, М4 и М5 ФАБ- цитологическими вариантами.  
При этом предварительные данные указывают на 
худшую общую выживаемость (228 дней) в группе 
больных ОМЛ, имевших сочетанную гиперэкспрес-
сию обоих генов как непосредственно перед ТГСК, 
так и в посттрансплантационном периоде. 

Заключение
Потенциальная клиническая значимость получен-
ных данных, касающихся повышенной экспрессии 
гена BAALC у взрослых и детей больных ОМЛ, ле-
ченных с использованием алло-ТГСК, и особенно, 
наличия феномена сочетания у них гиперэкспрес-
сии генов BAALC и WT1 несомненна, что диктует 
необходимость активного использования их в кли-
нике.  
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онные рецидивы, гены BAALC и WT1, одновременная 
гиперэкспрессия, клиническая значимость, прогноз.

Алена И. Шакирова, Николай Н. Мамаев, Ильдар М. Бархатов, Яна В. Гудожникова, Татьяна Л. Гиндина, 
Елена В. Бабенко, Борис В. Афанасьев
НИИ детской онкологии, гематологии и трансплантации им. Р. М. Горбачевой; кафедра гематологии, трансфузиологии 
и трансплантологии Первый Санкт-Петербургский государственный медицинский университет им. И. П. Павлова, 
Санкт-Петербург, Россия 

Grimwade D. Real-time quantitative polymerase chain reac-
tion detection of minimal residual disease by standardized 
WT1 assay to enhance risk stratification in acute myeloid 
leukemia: a European LeukemiaNet study. J Clin Oncol. 
2009;27(31):5195-5201.

25. Reinisch A, Thomas D, Corces MR, et al. A humanized 
bone marrow ossicle xenotransplantation model enables 
improved engraftment of healthy and leukemic human he-
matopoietic cells. Nat Med. 2016;22(7):812-821. 


