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Presented study analyzed the immunophenotypic characteristics and antigen density of peripheral blood (PB) and bone
marrow (BM) cells of 23 patients with B-chronic lymphocytic leukemia (B-CLL) and 10 control subjects using flow
cytometry. The patients were subclassified into two groups. Group I formed 13 patients with B-CLL at the time of diagnosis
and group II 10 patients with B-CLL after the therapy but not in remission. For definition of B-CLL cells we used
immunological marker analysis of surface markers characteristic for B-CLL pattern: CDS5, CD19, CD20, CD23 and
HLA DR and enumeration of fluorescence intensity of these markers given by molecular equivalent of soluble fluoro-
chrome — MESF. In group II of B-CLL patients, who were already treated, in PB and BM somehow lower MESF values for
CD19, CD20 and CD23 markers and higher MESF values for CD5 marker (in PB and BM) than in group I patients have
been detected. The MESF level of HLA DR marker was little higher in group II than in group I B-CLL patients. However
in PB and BM the percentage expression of HLA DR and CD19 markers in both patients groups was approximately the
same. The values of HLA DR, CD19, CD20, CD23 and CD5 markers (% expression and MESF values) in both patients
groups with B-CLL were significantly higher versus controls (p<0.001 resp. p<0.01) even in PB and BM. In conclusion, in
our study we observed that the patients with B-CLL after therapy (group IT) had similar or a little smaller (except CD5) but
nonsignificantly decreased expression level of markers characteristic for B-CLL, but the MESF values of some of them
(CD19, CD23) were significantly (p<0.05) decreased when compared with untreated B-CLL patients (group I). The
determination of antigen density (MESF values) may be an important marker to characterize the leukemic cells. Our
results showed that chemotherapy did not influence in a significant level the antigen modulation of B-CLL cells, however,
could influence MESF values of some chracteristic markers. Quantitative analysis of some markers in B-CLL cells seems to
offer valuable information concerning possible influence of some chemotherapeutics on antigen equipment of leukemic
cells.
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B-cell chronic lymphocytic leukemia (B-CLL) is one of
chronic lymphocytic disorders which is characterized by the
accumulation in the blood, bone marrow, lymph nodes and
spleen of a clonal population of non-dividing, usually CD5
positive B-lymphocytes that weakly express surface immu-
noglobulins, HLA-DR and surface markers of B-cell differ-
entiation: CD19, CD20, CD23 and CD40. CD10, CD22 and
FMC7 markers are either weakly or not expressed [12, 20].
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CD38 marker is expressed in approximately 10 — 15% of B-
CLL cases [23], and his prognostic value is supposed.
Immunophenotyping is an essential and mandatory test
for the diagnosis and classification of B-CLL and other
chronic lymphocytic disorders. Various combinations of
markers have been applied in order to distinguish B-CLL
from other chronic lymphoproliferative disorders.
Longevity of B-CLL cells is caused mainly by cell arrest
in GO/G1 phase of cell cycle and by the inhibition of pro-
grammed cell death, resulting in cell survival [14]. The pre-
dominant cell is a small lymphocyte [12]. Although B-CLL
cells show a decreased ability to proliferate compared with
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normal B-cells, they have a longer lifespan in vivo, which
serves to maintain the tumor cell population [21, 24].

Conventional chemotherapy has been used for B-CLL
treatment and it improved in recent years. Several modal-
ities have been used as first line therapy in B-CLL patients,
including chlorambucil, which has been most extensively
used, purine analogues (fludarabine, 2-chlorodeoxyadeno-
sine), monoclonal antibodies (rituximab) and combination
chemotherapy programmes [23, 29]. Nevertheless, all pa-
tients with B-CLL relapse after initial response [13].

Flow cytometry allows in addition to the determination
of positive cells, to establish even the intensity of fluorescent
staining, that can be converted into antigen density. The
concept of antigen density appears to improve the efficiency
of immune techniques in the monitoring of hematopoietic
malignancies [19, 22, 27].

Quantitative techniques provide data contributing to
a more precise definition of cell differentiation [3, 18, 28]
and improve scoring system for the differential diagnosis
among the different chronic B-cell malignancies [15, 16,
20]. Quantitative immunophenotyping is thus suitable for
the diagnosis of malignancy, contributes to prognosis [7, 16,
17] and could provide new relevant pathophysiological in-
formations.

The present paper will focus on the exact immunoheno-
typing of B-CLL which enabled to distinguish B-CLL from
other chronic B-lymphocytic disorders. Furthermore, the
MESF values were used to compare their numbers in B-
CLL cells before treatment and after treatment in patients
having not complete remission and thus to define the effect
of antigen modulation by chemotherapy treatment.

Material and methods

Patients and leukemia samples. Heparin anticoagulated
bone marrow (BM) or peripheral blood (PB) samples from
23 adults patients were studied for B-CLL associated phe-
notype. Leukemia blasts were classified according to Rai
criteria. Ten B-CLL patients were treated with chemother-
apy before our investigation, the rest of patients (13) were
examined before starting of any treatment. In the frame
of this study quantitative immunofluorescence using cali-
bration microbeads was also performed. Peripheral blood
and bone marrow lymphocytes of 10 healthy donors were
simultaneously studied for quantitative immunopheno-
typing.

Immunological marker analysis. The membrane immune
phenotype was analyzed in all B-CLL patients and healthy
donors by direct immunofluorescence technique. Briefly:
anticoagulated blood or bone marrow (100 ul) was incu-
bated for 15 min with 10 ul antibody, followed by standar-
dized lysis of red cells with Optilyse (Immunotech,
Marseille, France) and immediate flow cytometry analysis.

Monoclonal antibodies (MoAbs). MoAbs against CD19,
CD20, CD22, CD23, CD5, CD45, CD38 and anti-HLA DR
were purchased from Immunotech (Marseille, France).
MoAbs used were labeled with fluorescein-isothiocyanate
(FITC). As negative controls appropriate isotype controls
Ig FITC MoAbs (Immunotech, Marseille, France) were
used.

Flow cytometric analysis. Flow cytometric analysis was
performed on EPICS ALTRA Flow Cytometer (Beckman
Coulter), which is equipped with 15 mW argon laser oper-
ating at 488 nm. Data were analyzed using WinMDI, Vers.
2.8 (Scripps Institute, La Jolla, USA). At least 10,000 cells
were analyzed in each sample. Gating of cells was per-
formed using forward light scatter (FSC) and side light scat-
ter (SSC), or orthogonal SSC and CD45 parameters. Data
were expressed as percentage of labeled cells or fluores-
cence histograms (dot plots or contour ones).

Evaluation of marker density. For evaluation of marker
density, expressed in flow cytometry by mean of fluores-
cence intensity, it is necessary to calibrate flow cytometer
by means of fluorescent calibration microbeads. Photomul-
tiplier tube (PMT)-sensitivity in response to changes in the
physical environment of the machine and PMT was cali-
brated in absolute fluorescence units, called molecules of
equivalent soluble fluorescein (MESF) and fluorescence
histograms of these particles were measured on logarithmic
scale. Immunobrite (Beckman Coulter, USA) calibration
particles were used with a blank and four different fluores-
cence intensities [25]. Using mean values of histogram
peaks and MESF values linear regression was calculated.
Calibration curves and subsequent calculations were per-
formed with standard software MS Excel (Microsoft, USA).
It was necessary to repeat the cytometer calibration on
every day of measurement. The day-to-day variation in
terms of MESF was below 2% (data not shown).

Statistical analysis. Student’s t-test for equal and unequal
variance was used to analyze the statistical significance of
the results. Values of p<0.001, p<0.01 and p<0.05 were con-
sidered to indicate a statistically significant difference.

Results

For definition of B-CLL cells we used immunological
surface markers characteristic B-CLL pattern: CDS5,
CD19, CD20, CD23 and HLA DR and enumeration of
fluorescence intensity of these markers given by number
of MESF. Patients were arbitrarely classified according to
their therapy status into two groups:

— group I (patients at diagnosis) and
— group II (patients after therapy — not being in remission).

Patients in group I (13 patients) display the following
characteristics: age (66 median, 39-88 range), sex (9 male
and 4 female) and white blood cells count in PB (21x10°/1
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Table 1. Flow cytometric expression in % and MESF values of HLA DR,
CD19, CD20, CD23 and CDS5 markers in PB and BM cells of B-CLL patients
at diagnosis (group I)

Patient No HLA DR CD19 CD20 CD23 CDs5
% MESF % MESF % MESF % MESF % MESF
1. PB 82 5590 81 4280 71 2140 81 3430 91 3130
PB 40 610 41 180 28 290 18 130 88 6000
BM 71 2830 64 1710 65 1550 58 920 92 6250
3. PB 88 9220 85 2580 84 3950 82 1890 95 4180
4. PB 82 11770 80 3260 77 2660 81 2970 97 6230
BM 89 17380 87 4330 88 4070 79 2310 96 5810
5. PB 51 2080 51 1620 15 220 40 510 88 5020
6. PB 88 5340 81 4780 43 580 81 2980 90 2580
BM 74 2520 92 7380 41 600 91 3780 88 1980
7. PB 99 12360 97 6240 19 140 93 5260 87 2220
8. PB 86 11930 82 5730 79 2830 78 3070 82 2580
BM 93 11600 91 7790 59 1130 86 3600 76 1830
9. PB 94 8170 91 10820 69 1390 90 5670 64 990
BM 96 7710 96 12240 68 1260 93 5940 74 1220
10. PB 85 7220 82 2440 79 2320 77 1470 89 3360
11. PB 88 6510 80 2230 62 1800 nt nt 59 1610
12. PB nt nt nt nt 71 2400 53 1560 90 3220
BM nt nt nt nt 66 1930 56 1560 87 3040
13. PB nt nt 93 1570 95 5830 72 1080 55 830
PB mean 84 8019*  82° 4140° 73 2595* 79" 2938* 87" 3648°
PB+SD 13 3349 12 2733 14 1447 11 1554 10 1529
BM mean 85 8408 86" 6690° 65 1757*  77* 3018 86" 3355°
BM+SD 11 6264 13 3964 15 1217 16 1816 9 2158

Controls of 10
PB mean
BM mean

17 280 6 40 6 80 8§ 70
28 720 10 110 12 170 8§ 110

62 2230
55 920

p<0.001 vs controls, ’p<0.01 vs controls, nt — not tested, SD — standard deviation.

Table 2. Flow cytometric expression in % and MESF values of HLA DR,
CD19, CD20, CD23 and CD5 markers in PB and BM cells of B-CLL patients
after therapy (group II)

Patient No HLADR CDI19 CD20 CD23 CD5
% MESF % MESF % MESF % MESF % MESF
1. PB 61 2180 34 290 32 160 36 400 89 5600
BM 83 9580 85 4370 66 990 77 2290 95 3370
2. PB 98 14780 95 3570 31 460 91 3110 99 5040
3. PB 80 5920 57 1240 37 410 52 760 96 6980
4. PB 97 15170 91 4320 33 760 86 3400 92 2920
BM 97 12740 94 4430 36 970 81 3190 90 3080
5. PB 69 6370 70 2280 73 3520 63 2570 nt nt
6. PB 96 10040 nt nt 71 1300 35 470 98 3540
BM 95 5720 nt nt 41 470 34 470 98 3540
7. PB 80 8370 79 2290 51 1090 50 1040 88 2760
BM 82 5930 81 2440 44 830 42 940 89 2600
8. BM 96 15650 nt nt 48 1380 65 2240 93 4820
9. PB 91 10740 86 2700 86 5400 80 3060 nt nt
10. BM nt nt nt nt 33 140 85 1430 88 1240
PB mean 87% 10199° 80° 2733%  55° 18497  65° 2059* 94 4473°
PB+SD 11 3704 14 1082 22 1891 21 1253 5 1679
BM mean 917 9924* 87 3747% 47 928  70° 2018 93 3482°
BM+SD 7 4315 7 1132 11 328 17 867 4 829
Controls of 10
PB mean 17 280 6 40 6 80 8 70 62 2230
BM mean 28 720 10 110 12 170 8 110 55 920

#p<0.001 vs controls, bp<0.01 vs controls, nt — not tested, SD — standard deviation.

median, 8-87x10%/1 range) and white cells count in BM
(22x10°/1 median, 15-67x10°/1 range).

Patients in group II (10 patients) display the following
characteristics: age (66 median, 40-75 range), sex (7 male
and 3 female) and white blood cells count in PB (30x10%/1
median, 4-170x10%/1 range) and white blood cells count in
BM (50x10°/1 median, 10-102x10%/1 range).

PB and BM lymphocytes from group I and group II pa-
tiens were analysed for their HLA DR, CD19, CD20, CD23
and CD5 expression. Lymphocytes of all patients were si-
multaneously quantified using MESF values. PB and BM
lymphocytes of 10 healthy donors were simultaneously stu-
died for both parameters.

The results of CD markers expression (in % ) and quan-
tification (in MESF) of lymphocytes in PB and BM from
both groups with means, standard deviations and statistical
significances of differences are presented in Table 1 and
Table 2.

The data of HLA DR marker expression showed the
similar levels in PB and BM of this marker in group I (mean
84%, range 40-99% and mean 85%, range 71-96%, for PB
and BM, respectively) and in group II (mean 87%, range
61-98% and mean 91%, range 82-97%, for PB and BM,
respectively).

The MESF values of HLA DR were higher in group II
(mean 10199, range 2180-15170 and mean 9924, range
5720-15650, for PB and BM, respectively) than in group
I (mean 8019, range 610-12360 and mean 8019, range
2520-17380, for PB and BM, respectively). Levels of
HLA DR expression and MESF values in control healthy
donors were very low.

We observed that CD19 antigen expression was in the
mean 82%, range of 41 to 97% in PB and in the mean 86%,
range of 64 to 96% in BM cells of group I patients and
similarly in PB in the mean 80%, range of 34 to 86% and
in BM in the mean 87%, range of 81 to 94% cells of group II
patients.

In PB and in BM of group II patients significantly lower
MESEF values of CD19 antigen (mean 2733, range 290-4320
and mean 3747, range 2240-4430, for PB and BM, respec-
tively) comparing to the MESF values of group I patients
(mean 4140, range 180-10820 and mean 6690, range 1710-
2240, for PB and BM, respectively) have been detected.
Levels of CD19 expression and MESF values were in con-
trols very low, similar to HLA DR.

The data of CD20 antigen expression showed higher le-
vels in PB of this antigen in group I (mean 73%, range 15—
95% ) and in BM too (mean 65%, range 41-88% ) than in PB
(mean 55%, range 31-86%) and BM (mean 47%, range
33-66% ) in group II patients.

MESEF values of CD20 antigen in the group I were higher
in PB (mean 2595, range 140-5830) and BM (mean 1757,
range 600-4070) than in group II patients (mean 1849, range
160-5400 and mean 928, range 140-1380, for PB and BM,
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Table 3. Comparison of % expression and MESF values of five markers in
PB and BM cells of group I and group II B-CLL patients

HLADR CDI19 CD20 CD23 CD5

% MESF % MESF % MESF % MESF % MESF
Group I
PBmean  84° 8019° 82" 4140%  73% 2595° 79" 2938* 87" 3648°
BMmean 85" 8408° 86" 6690* 65 1757° 77° 3018°  86° 3355°
Group II
PBmean 87 10199 80 2733 55 1849 65 2059 94 4473
BMmean 91 9924 87 3747 47 928 70 2018 93 3482

2p<0.05 vs group II, "not significant.

respectively). The CD20 expression and MESF values were
also very low in controls.

In PB and BM of group I patients we detected signifi-
cantly higher levels of CD23 antigen expression than in the
group II patients. In PB the values of mean 79% (18-93%
range) and in BM mean 77% (56-93% range) in the group
I and in PB mean 65% (35-91% range) and in BM mean
70% (34-85% range) in the group II patients were ob-
served.

The MESF values of CD23 were higher in the group
I (mean 2938, range 130-5670 and mean 3018, range 920-
5940, for PB and BM, respectively) than in the group II
(mean 2059, range 400-3400 and mean 2018, range 470—
3190, for PB and BM, respectively). The data for controls
were similar to HLA DR, CD19 and CD20 antigens expres-
sion.

CD5 antigen had slightly higher levels of expression in
group II (mean 94%, range 88-96% and mean 93%, range
88-98%, for PB and BM, respectively) than in group
I (mean 87%, range 55-97% and mean 86%, range 74—
96% , for PB and BM, respectively).

The MESF values of CD5 were higher in group II in PB
(mean 4473, range 2760-6980) in comparing to MESF levels
in PB (mean 3648, range 830-6230) in group I. The MESF
values were also higher in the group II in BM (mean 3482,
range 1240-4820) than in BM (mean 3355, range 1220-
6250) in group 1. However the difference in MESF values
in CD5 marker was very small, statistically insignificant.

The data for all markers (% expresion and MESF values)
in both B-CLL patients groups were statistically tested and
were significantly higher (p<0.001 resp. p<0.01) versus con-
trols.

The means of CD markers expression and quantification
of lymphocytes in PB and BM of B-CLL patients in both
group I and group II were compared and statistical signifi-
cance of differences (group I versus group II) is presented in
Table 3.

Comparison of CD19, CD23, CD5 and HLA DR mar-
kers expression showed the similar data in PB and BM in
group I and group II B-CLL patients. CD20 marker expres-
sion was significantly higher in group I than in group II. The

means of MESF values of CD19 and CD23 markers were
significantly higher in group I (4140 and 6690 and 2938 and
3018 in PB and BM, for CD19 and CD23, respectively) than
in group II (2733 and 3747 and 2059 and 2018 in PB and BM,
for CD19 and CD23, respectively). The means of MESF
values for CD20 were slightly higher in group I (2595 and
1757, for PB and BM, respectively) than in group II (1849
and 928, for PB and BM, respectively). The means of MESF
values for HLA DR and CDS5 were slightly lower in group
1(8019 and 8408 and 3648 and 3355 in PB and BM, for HLA
DR and CDS5, respectively) than in group II (10199 and 9924
and 4473 and 3482 in PB and BM, for HLA DR and CDS5,
respectively).

Discussion

B-CLL cells have a distinct marker profile characterized
especially by the expression of CD5, which is at a higher
level than that of normal B lymphocytes and therefore used
as a diagnostic criterion for B-CLL and even by high expres-
sion of most pan-B cell markers, such as CD19, CD20 and
HLA DR. CD23 activation antigen is expressed in the ma-
jority of cases. CD3 marker (T cell marker) is low. CD22 is
weakly expressed or not expressed [12].

Antigen expression of CD5, CD19, CD20 and HLA DR
markers in patients presented in our study represented
characteristic levels of these antigens in B-CLL. However,
we observed higher expression of CDS5 antigen in PB and in
BM group II B-CLL patients and lower expression of CD20
and CD23 markers in PB and BM group II of B-CLL pa-
tients when comparing with group I patients.

CD23 is a functionally relevant molecule in B-CLL; how-
ever, studies dealing with its role have yielded inconclusive
results [2, 29]. The membrane instability of CD23, which is
rapidly cleaved from the cell surface into a stable form, has
important prognostic implication [29]. According to some
authors CD23 is a reliable and disease-specific marker that
provides information on overall survival and complete re-
mission in early stage patients [8, 26].

There is an evidence that CD23 may replace other well-
recognized diagnostic parameters in B-CLL. The CD23
antigen is expressed in the majority of B-CLL and is absent
in majority of other chronic B-cell malignancies. In this pa-
per CD23 expression of two groups of B-CLL patients was
compared. The CD23 percentage expression was very simi-
lar in both groups of patients with only small difference.
However the mean MESF value of CD23 was significantly
lower in group II than in group I B-CLL patients.

Itis well known that B-CLL is a disease characterized by
a highly variable clinical expression as well as clinical course
[6,20]. Some patients may have relatively stable disease and
a survival comparable to that of the age- and gender-
matched general population, whilst others have a progres-
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sive course and a significantly shorter survival [21, 22].

More recently in order to improve the diagnostic assess-
ment of B-CLL cases a number of additional clinical and
biological parameters have been introduced. However even
if biological parameters, like CD23, CD38, p53, p27, Bcl-2/
Bax ratio, 13q and 11q deletion and trisomy 12 demonstrate
a strong relationship with prognosis, so far, are not in the
routine use for definition of different prognostic categories
[11].

Advances in understanding of the cell biology and mole-
cular defects in B-CLL [12, 23] may contribute significantly
to the changing concept of therapy in this disease.

In recent years some well-characterized prognostic fac-
tors have appeared. CD38 marker involved in interactions
between cells of the immune system was considered as one
of them [23]. DAMLE et al [4] and HAMBLIN et al [9] re-
ported that CD38 expression may vary during the course
of the disease and that CD38 levels on leukemic B-cell
clones might change with time. Althought the levels of
CD38 expression are commonly observed in leukemic cells,
understanding the precise role this molecule playsin B-CLL
is not known [5]. CD38 expression was noted in only 2 of 23
patients (data not shown) tested in our study. This could
confirm the findings of others, concerning the limited prog-
nostic significance of its expression in B-CLL cells [2].

In our study there were no significant differences in age
and sex of group I and group II B-CLL patients. The white
blood counts in PB and BM B-CLL patients were slightly
higher in group II B-CLL patients. These similar para-
meters permitted to make a comparison of quantitative va-
lues of important markers for B-CLL diagnosis.

It was stated that leukemia cells could express some anti-
gens of different density than normal cells, which might be
used to detect antigen modulations after chemotherapy and
to increase the accuracy of diagnosis by comparison with
values in normal or by chemotherapy influenced counter-
parts [10].

Measuring different marker density in PB and BM cells
of two B-CLL patient groups was performed. In group 11 B-
CLL patients we detected lower MESF values for CD19,
CD20and CD23 markers (in PB and BM) and higher MESF
values for CD5 markers (in PB and BM) than in the patients
group I. The MESF level of HLA DR marker was little
higher in group II than in group I B-CLL patients.

However % expression of HLA DR and CD19 markers
(in PB and BM) of both patients groups was approximately
the same. The expression of CD20 and CD23 markers was
lower in group II than in group I B-CLL patients and ex-
pression of CD5 marker was higher in group I than in group
I B-CLL patients (in both, PB and BM). In our study we
observed in B-CLL patients of group II similar or a little
lower expression level of markers characteristic for B-CLL,
but the MESF values, i.e. the density of these markers was
lower than in those B-CLL patients of group I. The data for

HLA DR, CD19, CD20, CD23 and CD5 markers (% ex-
pression and MESF) in both B-CLL patients groups were
significantly higher comparing to values of controls.

MATUTES and POLLIACK [20] described significantly
higher antigen density of CDS marker in majority of B-
CLL cases comparing to that of control subjects. These
quantitative studies could also help to monitor the numbers
of residual malignant cells during and after therapy [1]. We
suppose that quantitative immunofluorescence may be im-
portant for more precise and reliable leukemia diagnosis as
well as for therapy strategy of this disease.

Our results showed that chemotherapy treatment in B-
CLL cells did not influence in significant level the antigen
modulation of B-CLL cells in sense of their antigen expres-
sion. However, we showed that this treatment could mod-
ulate MESF values of some characteristic markers (CDS5,
CD19, CD20 and CD23) in B-CLL patients.

In conclusion, the results described in this paper showed
the significance of the antigen density measurement in leu-
kemic cells at diagnosis and after therapy too. The determi-
nation of antigen density (MESF values) is an important
diagnostic marker of leukemic cells, suitable for study of
antigen modulation analysis of some markers of leukemia
cells in common and could be even a good model for the
study of immunophenotype after treatment. Quantitative
analysis of some markers of leukemic cells could be a good
model for the study of antigen modulation caused by che-
motherapeutic agens.

The authors gratefully acknowledge the physicians from the
National Cancer Institute, Bratislava, Slovakia, for patients’ sam-
ples. The technical cooperation of Mrs. L. STEVULOVA and Mrs. A.
KOVARIKOVA is greatly appreciated.

References

[1]  BANNERJI R, BYRD JC. Update on the biology of chronic
lymphocytic leukemia. Curr Opin Oncol 2000; 12: 22-29.

[2] = CALIGARIS-CAPPIO F, HAMBLIN T. B-cell chronic lymphocy-
tic leukemia: a bird of a different feather. J Clin Oncol 1999;
17: 399-408.

[3] CSANAKY G, VASS JA, OCSOVSZKI I, MILOSEVITS J, SZOMOR
A, SCHMELCZER M. Changes in adhesion molecule expres-
sion and function in B-cell chronic lymphocytic leukaemia
after in vitro Interferon-alfa stimulation. Eur J Haematol
1995; 54: 27-33.

[4] DAMLERN, WASILT,FAISF, GHIOTTO F, VALETTO A et al. Ig
V gene mutation status and CD38 expression as novel prog-
nostic indicators in chronic lymphocytic leukemia. Blood
1999; 94: 1840-1847.

[5] DEL POETA G,MAURILLO L, VENDITTI A, BUCCISANO F, EPI-
CENO AM et al. Clinical significance of CD38 expression in
chronic lymphocytic leukemia. Blood 2001; 98: 2633-2639.

[6] FRATER JL, MCCARRON KF, HAMMEL JP, SHAPIRO JL, MILL-
ER ML et al. Typical and atypical chronic lymphocytic leu-



102

KUSENDA, BABUSIKOVA

(8]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

kemia differ clinically and immunophenotypically. Am J
Clin Pathol 2001; 116: 655-664.

GLENCROSS DK, ADAM F, POOLE J, COHN R, BECKER P et al.
CD10 antigen density in childhood common acute lympho-
blastic leukaemia: Comparison of race and sex. Leukemia
Res 1992; 16: 1197-1201.

GONGJZ,LAGOO AS,PETERS D, HORVATINOVICH J, BENZ P,
BUCKLEY PJ. Value of CD23 determination by flow cytome-
try in differentiating mantle cell lymphoma from chronic
lymphocytic leukemia/small lymphocytic lymphoma. Am J
Clin Pathol 2001; 116: 893-897.

HAMBLINIJ, DAVIES Z, GARDNER A, OSCIER DG, STEVENSON
FK. Unmutuated Ig V(H) genes are associated with a more
aggressive form of chronic lymphocytic leukemia. Blood
1999; 94: 1848-1854.

HENDRICKX A, BOSSUYT X. Quantification of the leukocyte
common antigen (CD45) in mature B-cell malignancies. Cy-
tometry 2001; 46: 336-339.

JAKSIC O, VRHOVAC R, KUSEC R, KARDUM MM, PANDZIC-
JAKSIC V et al. Clinical tumor cell distribution pattern is
a prognostically relevant parameter in patients with B-cell
chronic lymphocytic leukemia. Haematologica 2001; 86:
827-836.

JENNINGS CD,FOON KA. Recent advances in flow cytometry:
Application to the diagnosis of hematologic malignancy.
Blood 1997; 90: 2863-2892.

KALIL N, CHESON BD. Management of chronic lymphocytic
leukemia. Drug Aging 2000; 16: 9-27.

KLEIN A,MIERA O, BAUER O, GOLFIER S, SCHRIEVERF. Che-
mosensitivity of B-cell chronic lymphocytic leukemia cells
and correlated expression of proteins regulating apoptosis,
cell cycle and DNA-repair. Leukemia 2000; 14: 40—46.
LAVABRE-BERTRAND T. Flow cytometric quantitation in
chronic leukemias. Eur J Histochem 1996; 40: 33-38.
LAVABRE-BERTRAND T, DUPERRAY C, BRUNET C, PONCE-
LETT,EXBRAYAT Cet al. Quantification of CD24 and CD45
antigens in parallel allows a precise determination of B-cell
maturation stages: Relevance for the study of B-cell neopla-
sias. Leukemia 1994; 8: 402—408.

LAVABRE-BERTRAND T, EXBRAYAT C, LIATUARD J, GAIL-
LARD JP, BASKEVITCH PP et al. Detection of membrane and
soluble Interleukin-6 receptor in lymphoid malignancies.
Brit J] Haematol 1995; 91: 871-877.

LAVABRE-BERTRAND T, GEORGE F, BRUNET C, SAMPOL J.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

28]

[29]

Quantitative immune phenotyping: A new dimension for
the monitoring of haemopoietic malignancies. Nouv Rev
Fr Hematol 1994; 36: 372-382.

LENKEI R, ANDERSSON B. Determination of the antibody
binding capacity of lymphocyte membrane antigens by flow
cytometry in 58 blood donors. J Immunol Method 1995; 183:
267-2717.

MATUTES E, CATOVSKY D. The value of scoring system for
the diagnosis of biphenotypic leukemia and mature B-cell
disorders. Leuk Lymphoma 1994; 13: 11-14.

MATUTES E, POLLIACK A. Morphological and immunophe-
notypic features of chronic lymphocytic leukemia. Rev Clin
Exp Hematol 2000; 4: 22-47.

MOLICA S.Is it time for a reassessment of prognostic features
in B-cell chronic lymphocytic leukemia? Hematol Cell Ther
1999; 41: 87-93.

PANGALIS GA, VASSILAKOPOULOS TP, DIMOPOULOU MN,
SIAKANTARIS MP, KONTOPIDOU FN, ANGELOPOULOU MK.
B-chronic lymphocytic leukemia: Practical aspects. Hema-
tol Oncol 2002; 20: 103-146.

PEPPER C, HOY T, BENTLEY DP. Bcl-2/Bax ratios in chronic
lymphocytic leukaemia and their correlation with in vitro
apoptosis and clinical resistance. Brit J Cancer 1997; 76:
935-938.

PHILIP P, SARTIAUX C. Standardized multicentric quantime-
try of differentiation antigens expression. The GEIL’s ap-
proach in acute lymphoblastic leukemia. Leukemia
Lymphoma 1994; 13: 45-48.

PICKARTZ T, RINGEL F, WEDDE M, RENZ H, KLEIN A et al.
Selection of B-cell chronic lymphocytic leukemia cell var-
iants by therapy with anti-CD20 monoclonal antibody ritux-
imab. Exp Hematol 2001; 29: 1410-1416.

ROSSMAN ED, LUNDIN J, LENKEI R, MELLSTEDT H, OSTER-
BORG A. Variability in B-cell antigen expression: implica-
tions for the treatment of B-cell lymphomas and leukemias
with monoclonal antibodies. Hematol J 2001; 2: 300-306.
VERVOORDELDONK SF, MERLE PA, VAN LEEUWEN EF, VON
DEM BORNE AE, SLAPER-CORTENBACH IC. Preclinical stu-
dies with radiolabeled monoclonal antibodies for treatment
of patients with B-cell malignancies. Cancer 1994; 73: 1006—
1011.

ZWIEBEL JA, CHESON BD. Chronic lymphocytic leukemia.
Staging and prognostic factors. Semin Oncol 1998; 25: 42-59.



