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Background. Flow cytometry is a sensitive and practical method for the detection of minimal 
residual disease in ALL patients. In spite of the significance and wide applicability of the assay 
its methodology is still not uniform. Our aim was to optimize flow cytometric ALL MRD detec-
tion. This study presents B-precursor ALL cases. 

Materials and methods. 26 adults with B-precursor ALL and 10 healthy adult bone mar-
row donors were enrolled in the study. Flow cytometric analysis of bone marrow aspirates was 
performed applying whole blood lysis sample preparation technique, four-colour marker panels 
and standardized “3 × 3 empty block” analysis. Dilution experiment was carried out to deter-
mine the sensitivity of the assay.

Results. In bone marrow of healthy controls three B-cell populations were found: early hae-
matogones, late haematogones and mature B cells. All B-precursor ALL cases had at least 3 phe-
notypic aberrations. In 14 cases phenotypic switches were detected, but the differentiation from 
regenerating B cells was still possible. The most useful marker combinations for the detection of 
B-precursor ALL MRD were TdT/CD19/CD34/CD45 and CD38/CD10/CD20/CD19. Sensitivity 
of flow cytometry in B-precursor ALL MRD detection was found to be 1/10 000. 

Conclusions. Four-colour flow cytometry is an efficient tool for MRD monitoring in case of 
B-precursor ALL: it can be applied to virtually all patients, it is rather sensitive and it gives good 
differentiation between leukaemic and normal B cells even if phenotypic switches occur.
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INTRODUCTION

Flow cytometric (FC) detection of minimal residual disease 
(MRD) in acute lymphoblastic leukaemia (ALL) has generally 
been accepted as one of the most useful approaches, because of 
its speed, simplicity and sensitivity. From the clinical point of 
view immunological detection of MRD has been shown both to 
predict relapses and to discriminate high-risk patients (1–4).

Immunological detection of MRD is based on the expression 
of aberrant leukaemia associated phenotypes (LAP) that differ-
entiate malignant cells from normal. The reported incidence of 
phenotypic aberrancies in B-precursor ALL ranges from 85 to 
99% (5–9). First flow cytometric investigations of MRD were pa-
tient-specific assays depending on the blast immunophenotype 
detected at diagnosis. With constantly increasing application of 
flow cytometry for MRD detection in clinical laboratories this 
diagnostic strategy has become suboptimal because it is difficult 
to standardize between laboratories, it requires extensive spe-

cialist training and large antibody panels. Efforts were made to 
develop standardized, reproducible and cost effective FC tech-
niques for MRD detection (8, 10, 11). 

In our study we present flow cytometric MRD assay for 
B-precursor ALL developed at the Centre of Laboratory 
Diagnostics of Vilnius University Hospital Santariškių Klinikos, 
which is based on four-colour analysis of leukaemia-associated 
phenotypes and whole blood lysis sample preparation technique. 
Our purpose was to develop an optimal methodology for the in-
vestigation of MRD in B-precursor ALL that would be uniform, 
sensitive, and applicable for most patients and derived from the 
analysis of normal bone marrow.

MATERIALS AND METHODS

Between February 2004 and April 2006, 26 adult patients 
with newly diagnosed or relapsed B-precursor ALL were en-
rolled in this study: 19 males, 7 females, mean age 33.4 years. 
They were treated at the Centre of Haematology, Oncology 
and Transfusiology of Vilnius University Hospital Santariškių 
Klinikos according to the protocols corresponding to their risk 
groups. 
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BIOMED-1  Vilnius University Hospital Santariškių Klinikos
TdT FITC/CD10 PE/CD19 PE-Cy5 TdT FITC/CD10 PE/CD34 PerCP-Cy5,5/CD19 APC
CD10 FITC/CD20 PE/CD19 PE-Cy5 CD38 FITC/CD10 PE/CD20 PerCP-Cy5,5/CD19 APC
CD34 FITC/CD38 PE/CD19 PE-Cy5 TdT FITC/CD19 PE/CD34 PerCP-Cy5,5/CD38 APC
CD34 FITC/CD22 PE/CD19 PE-Cy5 TdT FITC/CD22 PE/CD34 PerCP-Cy5,5/CD19 APC
CD19 FITC/CD34 PE/CD45 PerCP TdT FITC/CD19 PE/CD34 PerCP-Cy5,5/CD45 APC

Diagnosis of B-precursor ALL was based on the results of 
morphological examination of May-Grunwald-Giemsa stained 
smear of bone marrow aspirate, cytochemical reactions (my-
eloperoxidase and non-specific esterase), flow cytometry and 
cytogenetics (Ph’ chromosome). 

Bone marrow (BM) aspirate taken into EDTA containing 
Vacutainer tube was used for the initial FC analysis of blast immu-
nophenotype. Samples were prepared using standardized whole 
blood lysis technique proposed by NCCLS (12) and three-colour an-
tibody panel (the list of monoclonal antibodies is given in Table 1). 

Samples were analyzed by BD FACS Calibur and BD FACS 
Canto flow cytometers using Cell Quest and FACS Diva software. 
All the samples were processed within 24 hours. 

10 000 events were collected for each tube. Blast population 
was defined in a SSC vs. CD45 dot plot. According to the European 
Group for the Immunological Characterization of Leukaemias 
(EGIL) recommendations positivity threshold for the surface 
markers was 20%, and for intracellular markers it was 10% (13). 

B-precursor ALL diagnosis was established when leukaemic 
cells were positive for at least two B-lymphoid markers (CD19 
and cytoplasmic CD79a), TdT and did not express surface immu-
noglobulin. 

Before starting MRD assays we compared sensitivity of MRD 
detection using two sample preparation techniques: whole blood 
lysis and mononuclear density gradient separation. We diluted 
fresh B-precursor ALL bone marrow sample with a peripheral 
blood of a healthy donor making serial dilutions 1:10, 1:100, 
1:1000, 1:10000 and 1:100000. Then we divided these samples into 
two aliquots. One was prepared using standard whole blood lysis 
technique, another was prepared using standard density gradient 
separation technique (13). TdT/CD19/CD34/CD45 staining was 
applied. Whole blood lysis technique was chosen for MRD assays.

For the detection of B-precursor ALL MRD we built a stand-
ardized four-colour antibody panel based on three-colour panel 
used in BIOMED-1 concerted action study (10) (Table 2).

Inclusion of at least one early marker is essential for the defi-
nition of blast population. As some cases of B-precursor ALL can 
be negative for CD34, the only early marker that is uniform for all 
B-precursor ALL cases is TdT (14). Besides, recent reports show 
blast shifts to the more mature phenotype during the treatment 
(15). So we included TdT into 4 of 5 tubes along with CD34 mak-
ing the backup for an early marker. We included CD38 instead of 
TdT to the tube CD10/CD20/CD19 as the purpose of this tube in 
our study was not only to diagnose MRD, but also to check the 
regularity of regenerating B-cell population. This way any devia-
tions from the haematogone maturation pattern in a CD20 vs. 
CD10 dot plot can be checked for the expression of CD38 which 
should be uniformly bright in regenerating B-cell population.

After developing marker panel and choosing sample prepa-
ration technique we examined bone marrow of healthy controls: 
10 adult bone marrow donors (9 males, 1 female, mean age 32.9 
years). Samples were analysed by BD FACS Calibur and FACS 
Canto flow cytometers using Cell Quest and FACS Diva software. 
For cell acquisition a “live” gate was set on cells that are CD19 
positive and have low to intermediate side scatter (Fig. 1). One 
million events were acquired from each tube or acquisition was 
stopped when the tube ran empty, and the number of processed 
cells was recorded. Samples were analysed using standardized 
“3 × 3 empty block” strategy (Figs. 2a, 2b). The expression of each 
marker was divided into three levels: bright, dim and negative. 
So each two-parameter dot plot was divided into 9 “blocks”. 
Some blocks were filled with regenerating B cells, and the rest 
were called “empty blocks”. 

Empty blocks according to the number of events within were 
divided into two levels:

– empty blocks with the highest sensitivity for MRD detec-
tion (events within those always compose less than 1 × 10–5 of 
BM cells),

– empty blocks with sufficient sensitivity for MRD detection 
(events within those compose 1× 10–4 – 1 × 10–5 of BM cells).

Table 1. Monoclonal antibodies (BD, USA) used for the analysis of leukaemia immunophenotype 

Table 2. Antibody panels for diagnostics of B-precursor ALL MRD used in BIOMED-1 study and in Vilnius University Hospital Santariškių Klinikos

Antibody group CD classification
Non-specific markers CD45, CD34, CD38, CD99, CD117, HLA-DR, TdT, CD10, CD56 
Myeloid markers CD13, CD14, CD15, CD33, CD11c, CD64, CD66c, MPO 
T-lymphoid markers CD1a, CD2, CD3, CD4, CD5, CD7, CD8 
B-lymphoid markers  CD19, CD20, CD22, CD79a, IgM 
Megakaryocytic markers  CD41a, CD61 
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Fig. 1. “Live” gate set on CD19 positive events with low side scatter

Fig. 2a. “3 × 3 empty block” analysis strategy: P5, P6, P8 – blocks of regenerating B 
cells; P2 – plasma cell block; P4, P7, P10 – empty blocks with highest sensitivity for 
MRD detection; P3, P9 – empty blocks with sufficient sensitivity for MRD detection

Fig. 2b. Minimal residual disease located in block P8

BM samples of patients with B-precursor ALL for MRD de-
tection were sent on days 11, 24, 44 and weeks 11, 16, 22, 30, 41 
and 52 of treatment. 

Since in case of B-precursor ALL only MRD in bone mar-
row but not in the peripheral blood has predictive value, the 
adequacy of sample is crucial, and dilution may have major in-
terference to the results (16). Sample adequacy was checked by 
morphological examination of bone marrow smear. Sample was 
considered to be adequate for MRD testing when less than 5% of 
blasts were found and maturation of all cell lines was observed 
in BM. Morphologic complete remission was defined by the 

criteria proposed by Cheson et al: peripheral blood neutrophil 
count greater than 1.5 × 109/l, platelet count greater than 100 × 
109/l, absence of leukaemic blasts in the peripheral blood, less 
than 5% blasts in BM, BM sample displays more than 20% cellu-
larity with maturation of all cell lines and absence of extramed-
ullary leukaemia (17). 

Samples for MRD detection were prepared using whole 
blood lysis technique and a standardized four-colour B-lym-
phoid panel. For an acquisition CD19 positive “live” gate was ap-
plied. In all the samples it was possible to acquire at least 100 000 
events, and this allowed to achieve a uniform sensitivity level of 
1 × 10–4. Samples were analyzed using standardized “3 × 3 empty 
block” strategy. At least 10 cells forming a cluster located in one 
or more empty blocks consistent with initial diagnosis were con-
sidered to be leukaemic. Minimal residual disease size was cal-
culated dividing the number of leukaemic cells by total number 
of processed cells.

RESULTS

The dilution experiment demonstrated that the sensitivity of 
four-colour marker panel for B-ALL MRD detection was 1/10000 
by both sample preparation techniques (Fig. 3). 

In BM of healthy controls we identified 3 populations of nor-
mal B cells (Table 3): 
– early haematogones that compose 0.08% of nucleated BM cells 

(TdT+, CD10+, CD19+, CD22dim, CD34+, CD38+, CD45dim, 
CD20–),

– late haematogones that compose 0.60% of nucleated BM cells 
(CD10+, CD19+, CD20dim, CD22dim, CD38+, CD45dim, TdT–, 
CD34–),

– mature B lymphocytes that compose 1.57% of nucleated BM cells 
(CD19+, CD20+, CD22+, CD45+, TdT–, CD10–, CD34–, CD38–).
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Fig. 3. Dilution experiment showing detectable blast population in a titre 1:10 000 by whole blood lysis and mononuclear separation techniques. Blast cells (red) are located in 
an “empty block” P3 (23 and 22 events, respectively). Events in blocks P10 and P11 represent normal B cells

Table 3. Antigen expression of normal B-cells in bone marrow (mean fluorescence intensity, ±SD)

Fluorochrome labelled antibody

TdT FITC
CD10 PE
CD19 PE

CD19 APC
CD20 PerCP-Cy5.5

CD22 PE
CD34 PerCP-Cy5.5

CD38 FITC
CD38 APC
CD45 APC

Early haematogones
0.08 ± 0.04%
2120.3 ± 500.8

10845.8 ± 2223.8
4094.0 ± 1208.0
5156.8 ± 854.4

288.5 ± 79.4
3824.3 ± 1182.5
1659.0 ± 640.6

14203.8 ± 2054.9
39783.3 ± 9075.6
3515.8 ± 1212.6

Late haematogones
0.60 ± 0.03%
101.5 ± 34.7

5405.5 ± 1667.2
6235.5 ± 2224.2
6476.0 ± 754.2

9101.3 ± 1971.6
4201.0 ± 1803.8

82.3 ± 25.3
13144.5 ± 1401.2
39701.3 ± 9066.5
8322.5 ± 3183.6

BM of healthy controls was also evaluated for the expression 
of myeloid antigens (CD13, CD33) on normal B cells. Dim partial 
expression of myeloid markers was found on more than 0.01% 
of normal bone marrow B cells (CD13 0.021%, CD33 0.019%, 
accordingly) while bright expression was detected on less than 
0.01% B cells thus making bright expression of myeloid markers 
suitable for identification of leukaemic B lymphoblasts.

Phenotypic aberrations were found in all 26 B-precursor 
ALL patients, and their number ranged from 3 to 10 per case. 
We classified all phenotypic aberrations into four groups: asyn-
chronous antigen expression, antigen hypoexpression, antigen 
hyperexpression and cross lineage antigen expression. The most 
common aberrations were hypoexpression of TdT (19 cases) and 
hyperexpression of CD34 (12 cases) (Fig. 4). 

Analysis of healthy controls showed that cells with our iden-
tified aberrations were not found in normal BM (Fig. 5).

At least one myeloid antigen (CD13 or CD33) was coex-
pressed in 15 cases, but only in 3 cases they were homogeneous-

ly present on the whole leukaemic population (CD33 in 3 cases 
and CD13 in 2 cases). The homogeneous expression of myeloid 
antigens remained stable also in cases with positive minimal re-
sidual disease (Fig. 6).

Other aberrations which in normal bone marrow were de-
tected in percentage of 0.01–0.05% were considered not to be 
sensitive enough to define blasts as leukaemic (e. g. CD45bright 
CD34+, CD22bright CD34+, CD10+TdTdim). 

MRD was detected in 20 patients out of 26.
The most useful marker combination appeared to be TdT/

CD19/CD34/CD45 and CD38/CD10/CD20/CD19. They revealed 
leukaemic population in 14 of 20 MRD positive cases (Fig. 7). 

In 14 cases phenotype switches of residual leukaemic cells 
were found, but they still allowed differentiation from regener-
ating B cells. The most common phenotypic switch was down 
regulation of TdT (6 cases) (Fig. 8).

Mature B lymphocytes 
1.57 ± 0.53%

80.8 ± 15.4
109.0 ± 41.3

7630.0 ± 2742.0
8765.0 ± 2884.7

11291.3 ± 2666.3
18712.3 ± 6449.7

71.3 ± 34.9
1073.8 ± 275.8
1848.8 ± 664.5

25493.5 ± 9035.4
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Fig. 4. Most common phenotypic aberrations in B-precursor ALL patients 

Fig. 5. Maturation pattern of B-lymphocytes in normal BM. Cells with aberrant phe-
notypes (blocks P4, P5, P7, P8, P10) compose less than 0.01% of BM cells

MB-Tube_002

CD10

DISCUSSION

From the methodological point of view, standardized method for 
MRD assessment by flow cytometry does not exist. For sample 
preparation both density gradient separation and whole blood 
lysis techniques are used. Density gradient separation gives 
more numerous cell yields that result in a better sensitivity, but 
it has several disadvantages, e. g. increased amount of residual 
non nucleated cells, diminished efficacy of mononuclear separa-
tion by anticoagulant imbalance and prolonged storage. On the 
other hand, whole blood lysis technique allows us to have intact 
bone marrow cell composition and to calculate MRD as a per-
centage of all bone marrow nucleated cells the same way as it is 
done at the moment of diagnosis. This strategy gives more con-
sistent evaluation of blast reduction process (18). The dilution 
experiment we made showed that whole blood lysis technique 
is sufficient to achieve the sensitivity of 1 × 10–4 for B-ALL MRD 
detection.

Combinations of monoclonal antibodies used in BIOMED-1 
concerted action “Investigation of minimal residual disease 
in acute leukaemia: international standardization and clinical 
evaluation” provided the identification of aberrant immunophe-
notypes in 98% of B-precursor ALL cases and the concordance 
between laboratories was >90%. They established immunophe-
notypes of normal regenerating B-cells and identified “empty 
spaces” of dot plots where minimal residual disease can be lo-
cated. We adopted this standardized methodology modelling the 
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Fig. 6. Coexpression of CD33 on leukaemic B-lymphoblasts at different time points of therapy, gated on CD19+ cells 

Fig. 7. Most useful marker combinations for the detection of MRD
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Fig. 8. Phenotypic switches of leukaemic B-lymphoblasts during treatment

panel according to the results of prevalence of immunopheno-
typic aberrations in our patients. As TdT was one of the most 
common abnormally expressed markers, we included it to the 
most tubes of the panel. TdT is intranuclear enzyme that cataly-
ses the addition of deoxynucleotides triphosphates to 3’-ends of 
DNA breaks without the need of a template strand (19). High 
frequency of TdT positive B-precursor ALL cases suggests that 
it might be a useful marker for the identification of abnormal B 
cell maturation. However, our later results showed that it is also 
one of the most frequently downregulated markers. Although 
TdT is an intranuclear marker, our dilution experiment proved 
that cell and nuclear membrane permeabilization does not re-
sult in a significant cell loss, and major changes of a light scatter 
and the sensitivity level of 1:10000 may still be achieved. So in 
spite of the fact that the applicability of TdT is not yet proven 
and needs further investigations we still suggest that it is useful 
as an indicator of the early stage of B-cell development.

Estimation of B-cell development by means of flow cytom-
etry derived from studies of B- acute lymphoblastic leukaemia 
(20, 21). More recently studies have focused on investigation of 
normal bone marrow (22). Technical advances such as the de-
velopment of multiparameter flow cytometry, the discovery of 
new fluorochromes with high sensitivity emission signals, opti-
mization of intracellular staining protocols have contributed to 
better insight in B cell maturation stages. One of the most exten-
sive studies that focused on B cell development was performed 
by Lucio et al. (23). Their aim was to investigate B cell differen-
tiation in normal bone marrow by standardized triple staining. 
They divided B cell compartment into two parts: earliest CD19- 
progenitors and later CD19+ progenitors. Two subpopulations 
of CD19- progenitors were separated: CD34+/CD22+ and TdT+/
CD10+ representing 0.11 ± 0.09% and 0.04 ± 0.05% of BM cells, 

respectively. In our study we concentrated only on CD19+ B cell 
development because our main purpose was to discover differ-
ences between normal and neoplastic B cells that are virtually 
always CD19+. In Lucio study CD19+ progenitor population was 
further subdivided into three maturation stages the same way as 
we did in our study. The earliest CD10+CD34+TdT+ subpopula-
tion represented 0.44 ± 0.65% and 0.08 ± 0.04%, the intermediate 
CD10+CD34-TdT- subpopulation represented 3.75 ± 5.75% and 
0.6 ± 0.03%, and the most mature CD10-CD34-TdT- subpopu-
lation represented 2.58 ± 1.43% and 1.57 ± 0.53% of BM cells 
in Lucio and our studies, respectively. Lower values of all B cell 
populations in our study might have been the result of different 
donor age as children were not included in our group of healthy 
controls. Lucio study showed that during maturation TdT, CD34 
and CD10 expression diminishes while CD20 and CD45 expres-
sion increases. This stands in line with our results. We found a 
clear distinction between the mean fluorescence intensity (MFI) 
of CD34 in early haematogone and late haematogone popula-
tions. CD10 was still positive on late haematogones, but it was 
considerably weaker. As in Lucio study, we found an increased 
CD20 and CD45 expression on late haematogone population. 
CD38 and CD22 expression was similar between two haema-
togone populations in both studies. The main differences be-
tween haematogones and mature B cells were the loss of CD10 
and CD38 and increase in CD22 and CD45 expression.

Abnormalities of blast immunophenotype compared to 
normal bone marrow cells serve as a basis for the flow cy-
tometric MRD detection. Leukaemic cells historically were 
considered to be “frozen” in a certain stage of maturation af-
ter loosing their ability to differentiate (14). However, more 
recent studies showed that in certain antigen expression leu-
kaemic cells actually differ from normal cells that regenerate 
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in bone marrow (24–26). These discrepancies were started 
to be used to monitor MRD for patients who achieved mor-
phological complete remission (<5% of blasts in bone mar-
row assessed by morphological methods). Aberrations can 
manifest as asynchronous antigen expression, cross-line-
age antigen expression, antigen hyperexpression, antigen 
hypoexpression or its absence. Such leukaemia-associated 
immunophenotypes can be identified in the vast majority 
of acute leukaemia patients. In our study we were able to 
identify immunophenotypic aberrancies in all B-precursor 
ALL patients. This finding stands in line with the reported 
incidence of immunophenotypic aberrancies in B-precursor 
ALL that ranges from 85 to 99% (5–7). Considering individual 
markers CD10 is reported to be the most common abnormal-
ly expressed marker, followed by CD22, CD38 and TdT (11). 
In our hands CD10 expression was also the most frequently 
abnormal (hypoexpressed in 10 cases, hyperexpressed in 11 
cases), followed by TdT which was hypoexpressed and CD34 
which was hyperexpressed.

Cross-lineage antigen expression in our study was mostly 
represented by pan-myeloid markers CD13 and CD33. The 
reported incidence of these markers in B-ALL cases varies. 
In BIOMED-1 concerted action report overall incidence of 
CD13 and/or CD33 expression in B-precursor ALL was 39.6% 
while in our study it was 57.7% (15 cases of 26), thus making 
these markers suitable for MRD detection for a substantial 
fraction of patients. Besides, we found that myeloid markers 
were downregulated only in a small proportion of patients. 
Bright expression of myeloid markers was stable in all the 
cases.

Immunophenotypic switches that occur during the course 
of disease are considered to be the main disadvantage of flow 
cytometry and they may concern up to 90% patients (27–29). 
However, at least one aberrance is usually maintained in re-
lapse in at least 80% of cases (30). This proves the importance 
to use at least two leukaemia-specific marker combinations 
for each patient to monitor MRD. Our results support these 
findings: immunophenotypic switches occurred in 14 of 20 
(70%) of MRD positive cases but in all the cases it was still 
possible to differentiate between leukaemic and normal cells. 
Gaipa et al. (15) in the study of drug-induced phenotype 
changes discovered that the expression of early markers CD34 
and CD10 tends to be downregulated, and the expression of 
more mature markers CD20, CD19, CD45RA, CD11a tends to 
be upregulated. The reason for this might be the administra-
tion of steroid hormones during the induction therapy that 
are potent regulators of gene transcription. Alternatively, it 
may be that more mature leukaemic cell subsets that express 
low levels of early markers and which are poorly represented 
at diagnosis could withstand the treatment and constitute the 
majority of MRD mimicking antigen modulation. Selective 
depletion of more immature cell subsets was demonstrated 
by Stahnke et al. (31) who proposed that they are more sus-
ceptible to drug-induced apoptosis. In our hands the most 
frequent immunophenotypic switch was downregulation of 
TdT which is also an early marker, so this is concordant with 
the results of the above studies. 

CONCLUSIONS

Our study confirmed that four-colour flow cytometry can be 
considered as one of the most optimal tools for MRD detection 
in B-precursor ALL. In all B-precursor ALL patients we identi-
fied numerous phenotypic aberrations suitable for MRD detec-
tion, which were roughly subdivided into four groups: asyn-
chronous antigen expression, antigen hypoexpression, antigen 
hyperexpression and cross lineage antigen expression. Standard 
marker panels we developed covered most of these aberrations, 
even when phenotypic switches occurred. In B-precursor ALL 
cases with prominent coexpression of myeloid markers we also 
suggest to use additional combinations to include them. This 
approach makes flow cytometry applicable for MRD investiga-
tion in most B-precursor ALL cases. Flow cytometry showed 
sufficient sensitivity of 10–4 by two sample preparation methods 
(whole blood lysis and density gradient separation). Our MRD 
assay was validated on normal bone marrow samples. It allowed 
us to establish three populations of B cells with distinct pheno-
types: early B haematogones, late B haematogones and mature 
B cells. Phenotype of normal B cells served as a basis to define 
phenotypic aberrations.

ACKNOWLEDGEMENTS

We thank Aušra Janiulionienė, MD, Daiva Taskunaitė, MS, and 
Ms Nijolė Plauskaitė for technical assistance.

Received 21 April 2007
Accepted 19 October 2007

References

 1. Ciudad J, San Miguel JF, Lopez-Berges MC et al. Prognostic 
value of immunophenotypic detection of minimal residual 
disease in acute lymphoblastic leukemia. J Clin Oncol 1998; 
16: 3774–81.

 2. Mortuza FY, Papaioannou M, Moreira IM et al. Minimal 
residual disease tests provide an independent predictor of 
clinical outcome in adult acute lymphoblastic leukemia. J Clin 
Oncol 2002; 20: 1094–104.

 3. Vidriales MB, Perez JJ, Lopez-Berges MC et al. Minimal resid-
ual disease in adolescent (older than 14 years) and adult acute 
lymphoblastic leukemias: early immunophenotypic evalua-
tion has high clinical value. Blood 2003; 101: 4695–700.

 4. Farahat N, Morilla A, Owusu-Ankomah K et al. Detection 
of minimal residual disease in B-lineage acute lymphoblastic 
leukemia by quantitative flow cytometry. Br J Hematol 1998; 
101: 158–64.

 5. Campana D, Coustan-Smith E, Janossy G. The immunologic 
detection of minimal residual disease in acute leukemia. Blood 
1990; 76: 163–71.

 6. Orfao A, Ciudad J, Lopez-Berges MC et al. Acute lymphob-
lastic leukemia (ALL): detection of minimal residual disease 
(MRD) by flow cytometry. Leuk Lymphoma 1994; 13: 87–90.

 7. Dworzak MN, Fritsch G, Fleischer C et al. Comparative phe-
notype mapping of normal vs. malignant pediatric B-lym-



Optimizing detection of minimal residual disease in B-precursor acute lymphoblastic leukaemia by multiparameter flow cytometry 265

phopoiesis unveils leukemia - associated aberrations. Exp 
Hematol 1998; 26: 305–13.

 8. Weir EG, Cowan K, LeBeau P et al. A limited antibody panel 
can distinguish B-precursor acute lymphoblastic leukemia 
from normal B-precursors with four-color flow cytometry: 
implications for residual disease detection. Leukemia 1999; 
13: 558–67.

 9. Griesinger F, Piro-Noack M, Kaib N et al. Leukaemia-associ-
ated immunophenotypes (LAIP) are observed in 90% of adult 
and childhood acute lymphoblastic leukaemia: detection in 
remission marrow predicts outcome. Br J Hematol 1999; 105: 
241–55.

 10. Lucio P, Gaipa G, van Lochem EG et al. BIOMED-1 concerted 
action report: flow cytometric immunophenotyping of B-
ALL with standardized triple – stainings. Leukemia 2001; 15: 
1185–92.

 11. Dworzak MN, Panzer-Grumayer ER. Flow cytometric detec-
tion of minimal residual disease in acute lymphoblastic leuke-
mia. Leuk Lymphoma 2003; 44: 1445–55.

 12. Clinical applications of Flow Cytometry: Quality Assurance 
and Immunophenotyping of Peripheral Blood lymphocytes; 
Tentative Guidline. Villanova, PA: National Committee for 
Clinical Laboratory Standards; 1992. NCCLS document H42-
T.

 13. Bene MC, Castoldi G, Knapp W et al. Proposals for the im-
munological classification of acute leukemias. Leukemia 1995; 
9: 1783–6. 

 14. Greer JP, Foerster J, Lukens NJ et al. Wintrobe’s Clinical 
Hematology, 9th ed. Lippincott Williams & Wilkins, 1993; 
Vol. 2: 1892–920.

 15. Gaipa G, Basso G, Maglia O et al. Drug-induced immunophe-
notypic modulation in childhood ALL: implications for mini-
mal residual disease detection. Leukemia 2005; 19: 49–56. 

 16. Coustan-Smith E, Sancho J, Hancock ML et al. Use of periph-
eral blood instead of bone marrow to monitor residual disease 
in children with acute lymphoblastic leukemia. Blood 2002; 
100: 2399–402.

 17. Cheson BD, Cassileth PA, Head D et al. Report of the National 
Cancer Institute sponsored workshop on definitions of diag-
nosis and response in acute myeloid leukemia. J Clin Oncol 
1990; 8: 813–9.

 18. Loken MR, Shah VO, Hollander Z et al. Flow cytometric analy-
sis of normal B lymphoid development. Pathol Immunopathol 
Res 1988; 7: 357–70. 

 19. Chilosi M, Pizzolo G. Review of terminal deoxynucleotidyl 
transferase. Biological aspects, methods of detection, and se-
lected diagnostic application. Appl Immunohistochem 1995; 
3: 209–21.

 20. Gobbi M, Caligaris-Cappio F, Janossy G. Normal equivalent of 
B cells malignancies: analysis with monoclonal antibodies. Br 
J Haematol 1983; 54: 393–403. 

 21. Anderson KC, Bates MP, Slaughenhoupt B et al. Expression of 
human B-cell associated antigens on leukemias and lympho-
mas: a model of human B-cell differentiation. Blood 1984; 63: 
1424–33.

 22. Civin CI, Loken MR. Cell surface antigens of human marrow 
cells: dissection of hematopoietic development using mono-

clonal antibodies and multiparameter flow cytometry. Int J 
Cell Clon 1987; 5: 267–88. 

 23. Lucio P, Parreira A, van den Beemd MWM et al. Flow cy-
tometric analysis of normal B cell differentiation: a frame of 
reference for the detection of minimal residual disease in B-
precursor ALL. Leukemia 1999; 13: 419–27. 

 24. Jennings CD, Foon KA. Recent advances in flow cytometry: 
application to the diagnosis of hematologic malignancy. Blood 
1997; 90: 2863–92. 

 25. Drexler HG, Thiel E, Ludwig WD. Review of the incidence 
and clinical relevance of myeloid antigen positive acute lym-
phoblastic leukemia. Leukemia 1991; 5: 637–45.

 26. Matuzeviciene R, Slobinas A. The immunophenotype of 
adults with acute myeloid leukemia: proposal of prognostic 
value. Acta Medica Lituanica 2005; 12: 54–9.

 27. Macedo A, San Miguel JF, Vidriales MB et al. Phenotypic 
changes in acute myeloid leukaemia: implications in the de-
tection of minimal residual disease. J Clin Pathol 1996; 49: 
15–8.

 28. Baer MR, Stewart CC, Dodge RK et al. High frequency of 
immunophenotype changes in acute myeloid leukemia at re-
lapse: implications for residual disease detection (Cancer and 
Leukemia Group B Study 8361). Blood 2001; 97: 3574–80.

 29. Van Wering ER, Beishuizen A, Roeffen ET et al. 
Immunophenotypic changes between diagnosis and relapse 
in childhood acute lymphoblastic leukemia. Leukemia 
1995; 9: 1523–33.

 30. Campana D, Coustan-Smith E. Detection of minimal resid-
ual disease in acute leukemia by flow cytometry. Cytometry 
1999; 38:139–52.

 31. Stahnke K, Eckhoff S, Mohr A et al. Apoptosis induction in 
peripheral leukemia cells by remission induction treatment 
in vivo: selective depletion and apoptosis in a CD34+ sub-
population of leukemia cells. Leukemia 2003; 17: 2130–9.

Miglė Janeliūnienė, Rėda Matuzevičienė, Laimonas Griškevičius, 
Zita Kučinskienė

ŪMINĖS B-PREKURSORIŲ LIMFOBLASTINĖS 
LEUKEMIJOS MINIMALIOS LIKTINĖS LIGOS TYRIMO 
DAUGIAPARAMETRĖS TĖKMĖS CITOMETRIJA 
OPTIMIZAVIMAS 

S a n t r a u k a
Problemos aktualumas. Tėkmės citometrija yra jautrus ir praktiškas 
minimalios liktinės ligos tyrimo metodas ūmine limfoblastine 
leukemija sergantiems pacientams. Tačiau nepaisant metodo svarbos 
ir plataus pritaikymo, nėra vieningos jo metodologijos. Mūsų tikslas 
buvo optimizuoti minimalios liktinės ligos tyrimą tėkmės citometrijos 
metodu. Šioje studijoje pateikiami ūminės B-prekursorių limfoblastinės 
leukemijos atvejai.

Pacientai ir metodai. Į studiją buvo įtraukti 26 suaugę pacientai, 
sergantys ūmine B-prekursorių limfoblastine leukemija, ir 10 sveikų 
kaulų čiulpų donorų. Taikant eritrocitų lizės techniką mėginiams ruošti, 
standartinius keturspalvius žymenų derinius bei „3 × 3 tuščių blokų“ 
analizės strategiją, tėkmės citometrija buvo ištirti visų jų kaulų čiulpai. 
Dar buvo atliktas serijinis leukeminio mėginio skiedimas normaliu 
krauju siekiant nustatyti metodo jautrumą.
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Rezultatai. Sveikų asmenų kaulų čiulpuose rastos trys B-limfoidinių 
ląstelių populiacijos: ankstyvieji hematogonai, vėlyvieji hematogonai 
ir subrendę B limfocitai. Visi ūminės B-prekursorių limfoblastinės 
leukemijos atvejai savo fenotipu skyrėsi nuo normalių B-limfoidinių 
ląstelių. Nors 14 atvejų buvo aptikti fenotipo pokyčiai, visais 
atvejais buvo įmanoma atskirti leukemines B-limfoidines ląsteles 
nuo regeneruojančiųjų. Naudingiausi žymenų deriniai, nustatant 
minimalią liktinę ligą, buvo TdT/CD19/CD34/CD45 ir CD38/CD10/
CD20/CD19. Minimalios liktinės ligos tyrimo tėkmės citometrija 
jautrumas buvo 1/10 000. 

Išvados. Keturspalvė tėkmės citometrija ūminės B-prekursorių 
limfoblastinės leukemijos atveju yra pakankamai efektyvus metodas 
minimaliai liktinei ligai tirti: jis gali būti taikomas beveik visiems 
pacientams, yra pakankamai jautrus ir leidžia patikimai atskirti 
leukemines B-limfoidines ląsteles nuo regeneruojančiųjų, net jei 
keičiasi leukeminių ląstelių fenotipas. 

Raktažodžiai: minimali liktinė liga, tėkmės citometrija, ūminė 
B-prekursorių limfoblastinė leukemija


