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ABSTRACT

BACKGROUND: Although many B-cell chronic lymphoproliferative disorders (BCLPDs)

including B-cell chronic lymphocytic leukemia (B-CLL) have characteristic clinical and

biological features, the overlapping morphologic and immunophenotypic profiles of

various BCLPDs, is still the main problem. Aim: Our aim was to evaluate the usefulness

of CD45 expression in the immunological classification of BCLPDs.

SETTING AND DESIGN: A prospective study was set in a university hospital to

investigate the CD45 intensity, particularly in B-CLL. MATERIALS AND METHODS: The

expression of CD45 in 37 patients with BCLPD including typical B-CLL (Group I), atypical

B-CLL and CLL/PLL (II), and hairy cell leukemia (HCL), B-prolymphocytic leukemia (B-

PLL), and B-non Hodgkin’s lymphoma (B-NHL) as non-CLL BCLPDs (III) and in eight

healthy age matched controls (IV) was quantitatively compared by flow cytometric

CD45/RALS gating strategy. STATISTICAL ANALYSIS: The mean, median, and peak

channel scores of CD45 obtained for the four groups were compared using one-way

analysis of variance test. A P value < 0.05 was to be considered statistically significant.

RESULTS: Lower CD45 density is associated highly with typical CLL and differences

between typical CLL and other groups were significant (P<0.001, 0.001, and 0.001).

Non-CLL cases had significantly brighter CD45 expression than atypical CLL (P=0.014).

No differences were found between normal lymphocytes and non-CLL BCLPD cases.

Conclusions: CD45 is a useful marker, to discriminate the typical CLL from the non-

CLL BCLPD and from atypical CLL.
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INTRODUCTION

B-cell chronic lymphoproliferative disorders
(BCLPDs) can be classified based on
morphology and immunological markers
defined by the French-American-British (FAB)
group[1] as follows: B-cell chronic lymphocytic
leukemia (B-CLL), B-prolymphocytic leukemia
(B-PLL), CLL/PLL, hairy cell leukemia (HCL),
follicular lymphoma (FL) and mantle zone
lymphoma (MCL) in leukemic phase. Although,
B-CLL has heterogeneous biological and
clinical features, many BCLPDs including B-
CLL have characteristic immunological
markers.[1,2] However, based on systematic use
of monoclonal antibodies (MoAb), it has
became evident that the overlapping
morphologic and immunophenotypic features
of various BCLPDs can make diagnosis
difficult.[2-7] The intensity of the expression of
certain markers such as CD20, CD22, surface
membrane immunoglobulins (SmIg), and
FMC7 was suggested as a valuable
discriminator of typical CLL from atypical CLL
and other BCLPDs.[3,7] For example, the
expression of C22 is dim or even negative in
CLL and rare cases have FMC7.[7] Although
the measurement of these markers may be
helpful, there are some exceptions, and in
addition, the importance of CD20 in CLL has
been questioned.[8] However, accurate
distinction of typical CLL from atypical and
from non-CLL BCLPD is still an important issue

Shah et al[9] have shown that mature T- and B
lymphoid cells typically have a bright
expression of CD45 both in neoplasia and in
reactive states. A combination of CD45 and
right-angle light scatter (RALS) gating strategy
to analyze normal bone marrow specimens

and leukemic blasts showed that CD45 is
expressed at different densities according to
cell maturation stage.[10,11] This gating strategy
as a procedure, often termed CD45 gating, is
an analysis tool capable of identifying changes
in CD45 density during development of the cell
lineages.[10] The malignant cells could be
separated from the normal lymphocyte on the
CD45 gating.[11] Thus, assessment of CD45 is
of particular interest in flow cytometry analysis
of neoplastic cells in heterogeneous samples,
such as CLL cases, which are defined as
mature cell type leukemia.[1,8] Our objective
was to study whether CD45 increased the
diagnostic accuracy of our flow cytometry
panel which includes antibodies to CD2, CD3,
CD5, CD7, CD10, CD16, CD19, CD20, CD22,
CD23, CD25, CD38, CD45, CD56, CD79b,
CD103, CD138, FMC7, TdT, and SmIg in the
distinction between typical CLL and atypical
CLL or non-CLL cases. The issue regarding
typical and atypical morphology has not been
investigated previously.

MATERIALS AND METHODS

Patients: Twenty-three patients with typical B-
CLL, seven patients with atypical B-CLL
(including one case with CLL/PLL), three
patients with HCL, one patient with B-PLL, and
three with B-cell non-Hodgkin’s lymphoma (B-
NHL) in leukemic phase, who were evaluated
at the department of hematology and medical
oncology referral center and were all
previously untreated adults with absolute
lymphocytes during 2002 to 2004, were
included in this study and patients who had no
complete Para clinical evaluation were
excluded. Binet clinical staging was performed
on CLL cases. A diagnosis of B-NHL was
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made by bone marrow and / or lymph node/
spleen histology. Wright-Giemsa stained
peripheral / bone marrow films were reviewed
and all cases with typical B-CLL had a varying
proportion of cells with features characteristic
of CLL: clumped chromatin, no visible nucleoli,
scanty high nuclear cytoplasmic ratio, and
regular nuclear outline.[1,3,7] Cases with atypical
B-CLL had a cleaved nucleus/irregular nuclear
outline or lymphoplasmacytoid features.[3,7] A
diagnosis of CLL/PLL was made when the
proportion of prolymphocytes was greater than
10% out of all the lymphoid cells. [1,2] A
diagnosis of PLL was made by the observation
of a well spread area of blood film and 55%
or greater prolymphocytes was the level used
to differentiate B-PLL from CLL/PLL.[1,2] A
diagnosis of HCL was made by the careful
analysis of peripheral blood films and bone
marrow trephine biopsy and, subsequently,
confirmed by demonstration of tartrate-
resistant acid phosphatase that is specific for
HCL.[1] All the diagnoses were confirmed by
membrane markers as shown in Table 1.

Patient and control Samples
Ethylendiaminetetraaceticacid (EDTA, code
no. 8421, MERCK, Germany) anticoagulated
blood samples were obtained from each
patient and eight healthy age-matched controls
that were selected from the hospital staff after
a detailed evaluation of clinical features and
laboratory investigations including a CBC,
ESR, blood biochemistry tests and complete
urine analysis to exclude the presence of
illnesses. Controls were not having any form
of infection and abnormal clinical and para-
clinical findings. Informed consent was
obtained from all subjects and ethical
clearance from the university was taken to
conduct this study. The samples were
analyzed within 6 hours of collection.

Mononuclear cells
Mononuclear cells were separated from the
samples by density gradient centrifugation with
Ficoll (code no. 8206, Bahar Afshan,) and
washed three times in Hanks balanced salt
solution prior to study.[2]

Detection of CD45 as a cell surface marker
was performed by direct immunofluorescence
on FACS Calibur (Becton Dickinson, USA) flow
cytometer. The diagnostic reagent used in this
study was fluorescence isothiocyanide (FITC)-
conjugated mouse McAb to human CD45
(code no. F 0861 from DAKO, DK-2600
Glostrup, Denmark).

1 x 106 mononuclear cells were used for each
test tube. The cells were incubated with 10 ul
FITC conjugated anti-CD45 for 15 min in a
dark at room temperature. The cells were
washed twice with 0.01 mol/L PBS, pH 7.4 and
resuspended in 0.5 ml 1% Para formaldehyde
(code no. 4005, MERCK, Germany) in 0.01
mol/L PBS, pH 7.4 and run on a FACS Calibur
flow cytometer.[2] 10,000 cells were acquired by
the instrument for each test and control tubes.

Blocking of FC receptors was performed by
adding to the buffer 2% human AB serum in
incubation step. FITC-conjugated negative
control (cod no. X 0927, DAKO) was used for
control tube and all the subsequent steps were
the same as for the test.[2]

To ascertain the intensity of CD45 expression
on the cell surface, in the dot plot histogram,
the RALS (SSC) parameter was set as the X-
axis and CD45, as the Y-axis.[10,12,13] In this
setting, neoplastic cells and lymphocytes from
healthy individuals were usually located in an
isolated dot cluster in which a manual gate was
set (Gate 1 or R1 in Figure 1).

The cells in CD45/RALS dot plot were
analyzed on a FACS Calibur flow cytometer
with a CELL Quest software program (Becton
Dickinson, USA) and the mean, median, and

peak channel fluorescence intensity that was
automatically calculated by the instrument
software were recorded for the CD45, based
on a lymphocyte or tumor gated cell
population.

Instrument setting for the cells was saved and
used consistently for subsequent samples. A
set of calibrated fluorescence standard beads
(code no. 349502, Becton Dickinson) was
used for the determination of instrument
linearity and stability.

Statistical analysis
The data obtained was analyzed using the
SPSS Statistical software (SPSS Version 12
for Windows, USA). The mean, median, and
peak channel CD45 scores for each patient
and controls were recorded and then the mean
scores ± SD were calculated for the four study
groups and compared among themselves
using one-way analysis of variance (ANOVA)
test to find out whether there were any
significant differences. Also, the mean scores
± SD obtained for mean, median, and peak
channel for each of the four study groups were
compared with normal and other groups scores
using Independent Samples t-test to ascertain
whether there were any significant differences.
A P value < 0.05 was considered statistically
significant.

RESULTS

The main demographic, laboratory features
and the immunophenotype of the 37 patients
are shown in Tables 1 and 2. Twenty-three
patients had typical B-CLL, seven patients had
atypical B-CLL (including one case with CLL/
PLL), three cases had HCL, three patients had

CD45 DENSITY IN CLL

Table 1: Immunological markers* in 37 patients with B-cell leukemia

Cases (no)  Markers†

Typical B-CLL (23) CD5+, CD19+, CD20+, CD22+‡, CD23+, CD25-, CD38±, CD45+, CD79b-, CD103-,
FMC7-, SmIg-/+

Atypical B-CLL (6) CD5+, CD19+, CD20+/CD22+, CD23+, CD25-, CD38±, CD45+, CD79b-, CD103-,
FMC7-, SmIg+

CLL/PLL (1) CD5+, CD19+, CD23+, CD25-, CD38-, CD45+, CD103-,FMC7+, SmIg +
HCL (3) CD5-, CD19+, CD20+, CD22+, CD23-, CD25+, CD38-, CD45+, CD79b+, CD103+,

FMC7+, SmIg +s

B-NHL (3) CD5+, CD19+, CD20+, CD22+, CD23-, CD25+, CD38-, CD45+, CD79b+, CD103-,
FMC7-, SmIg+s

CD5-, CD19+, CD20+, CD22+, CD23-, CD25-, CD38-, CD45+, CD79b+, CD103-,
FMC7-, SmIg+s

CD5+, CD19+, CD20+, CD22+, CD23-, CD25-, CD38+, CD45+, CD79b+, CD103-,
FMC7+, SmIg+s

B-PLL (1) CD5+, CD19+, CD20+, CD22+, CD23+, CD25-, CD38+, CD45+, CD79b+, CD103-,
FMC7+, SmIg+s

*(-): Negative expression, (-/+): dim expression, (+): positive expression, S: bright expression.
†All cases were CD2-, CD3-, CD7-, CD10-, CD16-, CD56-, CD138-, and TdT-. All cases were HLA-DR+.
‡B cell markers particularly CD22 was dim in typical CLL. ± 9 cases of typical CLL, and five cases of atypical CLL were CD38+.
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B-NHL in leukemic phase, and the remaining
one B-PLL. All were adults with median age
of 67 years (range 23-83) and there were 27
males and 10 females. All cases had a mature
B cell phenotype and were positive with CD19,
CD20+ or CD22+. Cells from all patients were
negative with CD2, CD3, CD7, CD10, CD16,
CD56, CD138, and TdT. The median value of
CD22 as determined by the intensity of
fluorescence was 21(range 12-31), 46(37-73),
and 818(272-1147) in typical CLL, atypical
CLL, and non-CLL BCLPD cases respectively.
The median value of SmIg expression was 12
(5-39) in typical, 18(7-53) in atypical and
117(55-701) in non-CLL BCLPD.

The level of expression of CD45 as determined
by the intensity of fluorescence is shown in
Table 3. In the normal samples, the mean of
means, medians, and peak channels
fluorescence intensity were 237± 20.42, 230
±17.30, and 237±25.40 respectively. These

figures were 81±27.85, 75±26.47 and
74±27.47 in typical CLL; 191± 43.27, 185±43
and 192±41.39 in atypical CLL; and
247±109.64, 251±106.52 and 249± 105.71 in
non-CLL. Expression of these is shown in
Figure 1. Typical CLL had the lowest CD45
intensity within BCLPDs and the mean,
medians, and peak channels differences
between typical CLL and atypical were
statistically significant (P <0.001, df=28, 95%
CI -82.13, -138.35), (P<0.001, df=28, 95% CI
-81.92, 136.38), and (P<0.001, fd=28, 95% CI
-91, -145.9) respectively. The mean, medians,
and peak channels differences between typical
CLL and non-CLL were significant (P<0.001,
df=28, 95% CI -116, -215), (P<0.001, df=28,
95% CI -127.8, -224.4), and (P<0.001, df=28,
95% CI -77, -127.8) respectively. The mean,
medians, and peak channels differences
between typical CLL and normal control were
significant (P<0.001, df=29, 95% CI -134.7, -
178.8), (P,0.001, df=29, 95% CI -134.5, -

175.7), and (P<0.001, df=29, 95% CI -140, -
186) respectively. No differences were found
between normal lymphocytes and atypical and
non-CLL BCLPD cases. The mean, median,
and peak channel expression of CD45 in non-
CLL BCLPD was significantly higher than
atypical CLL (P=0.014, df=12, 95% CI -152.8,
+41.38), (P=0.044, DF=12, 95% CI -161.6,
+27) and (P=0.035, df=12, 95% CI -150, +36)
respectively.

DISCUSSION

Flow cytometry analysis of the intensity of
certain antigens has an important role in the
diagnosis of BCLPDs. From previous studies
it is believed that, immunophenotypic panels
using a few key antibodies correlate with
particular subclasses of BCLPDs.[2,14,15] For
example, CLL (typical and atypical) and MCL
usually express CD5, and often, can be
discriminated by expression of CD23.[5] Other

BCLPDs such as HCL, FL, PLL, and splenic
marginal zone lymphoma that are usually CD5-
can be distinguished by the morphologic
features and expression of other antigens such
as CD10 for FL, and CD25 and CD103 for
HCL.[2] As shown in Table 1, all these findings
were confirmed. Quantitation of CD20, CD22,
CD79b, and SmIg, also has been shown to be
an important diagnostic tool in BCLPDs. For
instance, in contrast to atypical CLL, CLL/PLL
and B-PLL, dim expression of CD20, CD22,
CD79b, and SmIg are associated with typical
CLL.[2,3,15] As in the reported cases by Matutes
et al[7] and D Arena et al,[3] our typical CLL
group had a lower intensity of CD22 and SmIg
than atypical CLL. Although the expression of
CD45 in our atypical CLL relatively closed to
normal lymphocytes, but, in contrast to the
Shah et al[9] and Lavaber-Bertrand et al[16]

expression of CD45 in the typical CLL were not
same as mature lymphoid cells as seen in
normal blood or bone marrow specimens.
However, according to descriptive morphology,
all 23 of our typical CLL showed lower CD45
intensity, distinguishable from the atypical CLL,
non-CLL, and normal lymphocytes. Our data
indicate that CD5+, CD19+ and CD23+ cells
in typical CLL are not mature as normal
lymphocytes, and like D Arena et al,[3] atypical
CLL (also with CD5+, CD19+ and CD23+
immunophenotype), represent a more mature
disease than typical CLL. Since CD45/RALS
gating improve the purity of tumor cell isolation,
we have provided new findings in the field that
indicate that the intensity of CD45 as a
discriminator marker can differentiate typical B-
CLL from other BCLPDs, the issues that
previously have not been investigated. Thus,
we highly recommend using the same
combination for routine immunophenotyping of

Figure 1: Examples of dot plot histogram analysis of
the level of CD45 in Normal lymphocytes and cells
from patients with B cell leukemia. R1: the Gated
population in the CD45/RALS dot plots

Table 2: Demographic and laboratory features from 37 patients with B-cell chronic lymphoproliferative disor-
ders

Variable Value in Value in Value in Value in Value in
Typical CLL Atypical CLL HCL B-NHL B-PLL

Age (yr) [median (range)] 67(23-76) 75(52-83) 63(50-65) 52(50-57) 71
Male: female 17 : 6 6 : 1 2 : 1 1 : 2 1 : -
WBC x 1000/µl [median (range)] 65(14-288) 46(18-193) 13(9.5-15) 21(10-70) 44
Lymphocyte x 1000/µl [median (range)] 56(9-217) 41(13-157) 10(8.3-11) 16(7-58) NA
Hemoglobin (g/dl) [median (range)] 13(7-18.5) 14(9-7) 9(5.4-9) 10(10-15.6) 15.3
Platelet x1000/µl [median (range)] 166(38-455) 177(125-312) 65(47-98) 180(100-248) 181

Binet stage for typical CLL were (number of patients): 0(10), I (2), II (4), III (4), IV (3)
Binet stage for atypical CLL were (number of patients): 0(2), I (2), II (0), III (2), IV (1)

Table 3: Level of expression of CD45 in 37 patients with chronic B-cell Leukemia and eight healthy donors

Variable* Typical CLL Atypical CLL Non CLL BCLPD Blood donors

Mean of means 81±28† 191±43 262±110 237±20
Mean of medians 75±26 185±43 251±107 230±17
Mean of peak Channels 74±27 192±41 249±106 237±25

*Number (or antibody binding sites) of CD45 on the cells surface that initially were recorded as mean, median, and peak channel
values for each patient and blood donors in comparison to negative control tubes and then these values statically compared. (See
text); † ± Standard deviation
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BCLPDs, in particular, for the discrimination of
typical CLL from atypical CLL and atypical CLL
from B-NHL.

ACKNOWLEDGEMENT

This study was supported by grants from Tabriz

University of medical sciences. We are grateful to

Dr. Kameran Sadaghat, Mohammad Hosayn

Moghadasi, Mehri Gholchin, Seyyed Mostafa

Hodoodi, and also very grateful to colleagues from

the clinical laboratory of hematology and oncology

of Gazi Tabatabaei Hospital for their help and support

during the course of the study.

REFERENCES

1. Bennett JM, Catovsky D, Daniel MT, Flandrin G,

Galton DAG, Granlnick HR, et al. Proposal for

the clssification of chronic (mature) B and T

lymphoid leukaemia’s. French-American-British

(FAB) Cooperative Group. J Clin Pathol

1989;42:567-84.

2. Matutes E, Qwusu-Ankomah, Morilla R, Garcia

Marco J, Houlihan A, Que TH, et al. The

immunological profile of B-cell disorders and

proposal of a scoring system for diagnosis of

CLL. Leukemia 1994;8:1640-5.

3. Arena DG, Dellolio M, Musto P, Cascavilla N,

Perla G, Savino L, et al. Morphologically typical

and atypical B-cell chronic lymphocytic

leukemias display a different pattern of surface

antigenic density. Leukemia and lymphoma

2001;42:649-54.

4. Shapiro JL, Miller ML, Pohlman B, Mascha E,

Fishleder AT. CD5- B-cell lymphoproliferative

disorders presenting in blood and bone marrow:

A clinicopatologic study of 40 patients. Am J Clin

Pathol 1999;111:477-87.

5. Kumar S, Green GA, Teruya-Feldestein J,

Raffeld M, Jaffe ES. Use of CD23 (BU38) on

paraffin sections in the diagnosis of small

lymphocytic lymphoma and mantle cell

lymphoma. Mod Pathol 1996;9:925-9.

6. Guillaume N, Alimardani G, Capiod JC, Claisse

JF. Relevence of cytological and immunological

analysis for the diagnosis of B-cell chronic

lymphocytic leukemia. Ann Biol Clin

2002;60:678-81.

7. Matutes E, Oscier D, Garcia-Marco J, Ellis J,

Copplestone A, Gillingham R, et al. Trisomy 12

defines a group of CLL with atypical morphology:

correlation between cytogenetic, clinical and

laboratory features in 544 patients. B J Hematol

1996;92:382-8.

8. Tefferi A, Bartholmai BJ, Witz TE, Li C-Y, Hanson

CA, Phyliky RL. Heterogeneity and clinical

relevance of CD20 and immunoglobulin light-

chain expression in B-cell chronic lymphocytic

leukemia. Am J Clin Pathol 1996;106:457-61.

9. Shah VO, Civin CI, Loken MR. Flow cytometry

analysis of human marrow. IV. Differential

quantitative expression of T-200 common

leukocyte antigen during normal hemopoiesis. J

Immunol 1988;140:861-1867.

10. Stelzer GT, Shults KE, Loken MR. CD45 gating

for routine flow cytometric analysis of human

bone marrow specimens. Ann NY Acad Sci

1993;677:265-80.

11. Hendrickx A, Bossuyt X. Quantification of the

leukocyte common antigen (CD45) in mature B-

cll malignancies. Cytometry 2001;46:336-9.

12. Sun T, Sangaline R, Sangaline R, Ryder J,

Gibbens K, Rollo C, et al. Gating strategy for

immunophenotyping of leukemia and lymphoma.

Am J Clin Pathol 1997;108:152-8.

13. Tytherleigh L, Taparia M, Leahy MF. Detection

of hairy cell leukemia in blood and bone marrow

using multidimensional flow cytometry with

CD45-PECy5 and SS gating. Clin Lab Haematol

2001;23:385-90.

14. Jennings CD, Foon KA. Recent advances in flow

cytometry: Application to the diagnosis of

hematologic malignancy. Blood 1997;90:

2863-92.

15. McCarron KF, Hammel JP, His ED. Usefulness

of CD79b expression in the diagnosis of B-cell

chronic lymphoproliferative disorders. Am J Clin

Pathol 2000;113:805-13.

16. Lavabre-Bertrand T, Duperray C, Brunet C,

Poncelet P, Exbrayat C, Bourquar D, et 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 neoplasias. Leukemia 1994;8:402-8.

CD45 DENSITY IN CLL INDIAN JOURNAL OF MEDICAL SCIENCES193 194

Indian Journal of Medical Sciences is pleased to announce the launch of its
website. The URL of the website is http://www.indianjmedsci.org.

The features of the site are:

• Free full text availability of articles in HTML as well as PDF
• Link to abstracts and full text from the cited references
• Link to PubMed abstracts of published articles by authors
• Link to related articles in PubMed
• Link from text of articles to various databases and search engines
• Facility to submit comments on articles
• Email notifications on new issue release
• Statistics of articles download and visits
• Structure based on OpenURL, DC Metadata and other international standards


