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The diagnostic value of CD123 in B-cell disorders
with hairy or villous lymphocytes  

Background and Objectives. CD123 is an antibody that identifies the α chain of the
human interleukin-3 receptor and is expressed in a variety of normal hematopoietic cells,
acute leukemia and hairy cell leukemia (HCL). The aim of the study was to investigate the
diagnostic value of CD123 expression in B-cell disorders with circulating hairy and vil-
lous lymphocytes.

Design and Methods. We investigated the diagnostic value of CD123 expression in neo-
plastic cells from 59 patients with B-cell disorders with circulating hairy or villous lym-
phocytes: HCL (n=24), the variant form of HCL (n=11) and splenic lymphoma with villous
lymphocytes (SLVL) (n=24). Cells from 12 patients with chronic lymphocytic leukemia were
used as controls. Immunophenotypic analysis was performed by flow cytometry on 77
samples from peripheral blood (n=48), bone marrow (n=25) and spleen cell suspensions
(n=4). 

Results. Our findings show that cells from 95% of typical HCL express CD123 with
strong to moderate intensity while this molecule is absent in circulating cells from most
cases of HCL-variant (91%) and SLVL (97%). 

Interpretation and Conclusions. We conclude that CD123 is a useful new marker for
distinguishing B-cell disorders with circulating villous lymphocytes as its expression is
characteristic of typical HCL with high sensitivity and specificity. However CD123 does
not allow the distinction between HCL-variant and SLVL, as both are CD123 negative. 

Key words: hairy cell leukemia, chronic lymphocytic leukemia, splenic lymphoma with
villous lymphocytes, CD123, immunophenotype.

CD123 is a monoclonal antibody
(McAb) that identifies a 378 amino
acid glycoprotein (70 kDa), the α

chain of the human interleukin-3 receptor
(IL-3R), a heterodimer comprising an α and
a β chain.1 The α subunit binds IL-3 with
high specificity but low affinity. The β chain
is involved in signal transduction and has
been found to be part of the IL-5 and gran-
ulocyte-monocyte colony-stimulating fac-
tor (GM-CSF) receptors. The interaction of
these two subunits leads to the formation
of a high affinity receptor complex.2-4

Flow cytometry studies using monoclon-
al antibodies against the α chain of IL-3R
— 9F5; 5 N3A;6 7G37 — have shown IL-3R
expression on human normal monocytes,8
eosinophils,9 basophils,10 vascular endothe-
lial cells5 and a subpopulation of B-lym-
phocytes but not on neutrophils11 and T-
lymphocytes. In addition, the IL-3R α chain

shows a variable degree of expression in
cells committed to the myeloid-lineage and
CD34+ hematopoietic progenitors accord-
ing to their differentiation stages12-13 and a
strong expression in a subpopulation of
dendritic cells and their precursors in adult
peripheral blood, fetal bone marrow and
cord blood.14-15 There is little information
on the expression of CD123 in cells from
lymphoproliferative disorders of mature B-
cells. A study of 122 cases showed that cells
from 74 out of 77 chronic lymphocytic
leukemia (CLL) and 15/17 mantle and fol-
licular lymphomas were CD123 negative,
while CD123 was strongly expressed in
hairy cell leukemia (HCL).16

However the diagnostic value of CD123
in distinguishing B-cell disorders with cir-
culating hairy or villous lymphocytes has
not been specifically evaluated. All these
three disorders are recognized as distinct
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entities in the WHO classification of Tumours of
Haematopoietic and Lymphoid tissues, including HCL-
variant as a rare condition.17 Although a set of mark-
ers compounded in a scoring system allows typical HCL
to be distinguished from its variant form (HCL-variant)
and from splenic lymphoma with villous lymphocytes
(SLVL), there is an overlap of marker expression in the
latter two disorders.18-20 Indeed, the differential diag-
nosis between HCL-variant and SLVL is based on the
morphology of peripheral blood lymphocytes and
chiefly on bone marrow and spleen histology but so far
not on immunophenotype.   

The aim of this study was to investigate further the
diagnostic value of CD123 expression in B-cell disor-
ders with circulating hairy and villous lymphocytes.

Design and Methods

Patients and samples
Immunophenotypic analysis was performed on 77

samples from peripheral blood (n=48), bone marrow
(n=25) and spleen cell suspensions (n=4) from 71
patients with a B-cell lymphoproliferative disorder
referred to our Department. These cases were: CLL
(n=12), HCL (n=25), HCL-variant (n=11) and SLVL
(n=29). The diagnoses were based on clinical features,
lymphocyte morphology (Figures  1 A, B and C) and
immunophenotype, and in 49 cases confirmed by bone
marrow (n=32), spleen (n=14) and/or lymph node
(n=3) histology.  

Fresh samples were used in 68 cases and mononu-
clear cells cryopreserved in liquid nitrogen in 9 cases.
Sixty-seven cases were investigated at diagnosis and
10 specimens were collected during follow-up. All
samples had a clonal B-cell population (ranging from
10% to 98%), detected by membrane immunoglobu-
lin light chain restriction (SmIg). 

Immunophenotyping
Immunophenotypic analysis was performed using

two-color immunostaining with directly conjugated
McAbs with a panel of B-cell markers and the HCL-
associated markers CD25, CD11c, and CD103. An iso-
type-matched negative control (Caltag, San Francisco,
USA) was used in all cases. The clone and source of the
McAbs are as follow: CD123-PE (9F5) and CD25-PE
(2A3) from Becton Dickinson, San Jose’, CA, USA; CD2-
PE (G11), CD5-FITC (5D7); CD11c-PE (3.9); CD19-FITC
and-PE (SJ25-C1); CD20-FITC (HI47); CD22-FITC
(RFB4), and CD23-FITC (TU1) all from Caltag, San Fran-
cisco, USA; CD79b-PE (CB3-1) from Immunotech,
Marseille, France; CD103-FITC (B-ly7) from Immuno-
quality, Groningen, The Netherland); FMC7-nc-FITC
(FMC7-nc) 21 from Caltag, San Francisco, USA; anti-κ-

FITC (polyclonal) and anti-λ-PE (polyclonal) from
DakoCytomation, Glostrup, Denmark.

For the immunostaining, cells were incubated with
McAbs for 10 min at room temperature. Fresh samples
were treated with a hypotonic lysing solution. κ and
λ light chains were detected with directly conjugated

Figure 1. Peripheral blood films illustrating the morpho-
logic features in three cases representative of HCL (a),
HCL-V (b) and SLVL (c).
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polyclonal antibodies following lysis of erythrocytes
and washing the cells in phosphate-buffered saline
(PBS). Thereafter, cells were washed once with PBS
containing bovine serum albumin (BSA) and sodium-
azide and resuspended in 500 µL of Isoton. Before data
acquisition, thawed cells were stained with propidium
iodide (PI), added at a concentration of 2 µg/mL to
each tube and incubated at room temperature for 15
minutes.

Data were acquired and analyzed on a FACSCalibur
flow cytometer (Becton Dickinson) using a Cell Quest
software program (Becton Dickinson) on 5000 lym-
phocytes per sample. An electronic gate was applied
in the lymphoid area of the FSC/SSC dot plot for the
analysis of CLL and SLVL samples. An enlarged lym-
phoid gate including the monocyte area was applied
to HCL and HCL-variant samples. 

A two-gate strategy was used to analyze the thawed
cells. First, viable cells were identified setting up a gate
on PI-negative cells in a PI vs SSC dot plot and fol-
lowing this, a gate on the FSC/SSC dot plot was applied
as described above. Thresholds for markers' positivity
were based on isotype negative controls. A marker was
considered positive when expressed in more than 30%
B-cells, defined by positivity with CD19.

In four typical HCL cases, no differences were found
in the percentage of positivity or intensity of expres-
sion of CD123 between fresh and frozen cells. 

Statistics
We analyzed the sensitivity and specificity of CD123

and the three HCL-associated markers CD25, CD11c
and CD103 individually and in combination in their
ability to predict the diagnosis of typical HCL. Sensi-
tivity and specificity were expressed as proportions
with 95% exact confidence intervals. Only samples for

which the expression of all 4 markers was known were
included. In the analysis focused on HCL-variant and
SLVL the differences between the CD25/CD11c pat-
terns were assessed using logistic regression (with
HCL-variant/SLVL as the dependent variables and
CD25/CD11c positivity or negativity as the independ-
ent variables). A p value of <0.05 was considered sta-
tistically significant.  

Results

The median number of clonal B-cells in the gated
population was 70% (range 10-93%) in HCL, 89%
(range 56-98%) in HCL-variant and 72% (range 38-
95%) in SLVL; the median number of T-cells was 14%
(range 1-85%), 6% (range 2-45%) and 20% (range 6-
64%), respectively.

Leukemic cells from all the cases studied were
CD19+, CD20+, CD22+, FMC7+ and expressed SmIg with
moderate to strong intensity (Table 1). CD22 expres-
sion was strong in HCL and HCL-variant but
weak/moderate in 70% of SLVL. CD79b was moder-
ately to strongly positive in the majority of SLVL (93%)
and typical HCL (96%). Four out of 7 HCL-variant cas-
es evaluable for CD79b expression were positive with
a moderate/weak expression.

The numbers and proportion of cases with typical
HCL, HCL-variant and SLVL positive with CD123 and
with the other HCL-associated markers CD11c, CD25
and CD103 are shown in Table 1. In the control group,
cells from all CLL cases were CD123 and CD103 neg-
ative.  

Cells from all but one typical HCL were CD123 pos-
itive. The intensity of CD123 expression was strong in
14 cases, moderate in 6 and weak in 2 (Figure 2). Cells

Table 1. Results of immunophenotype in disorders with villous/hairy cells.

HCL HCL-variant SLVL

Marker Tested (n) Positive (n) % Tested Positive % Tested Positive %

CD123 23 22 95 11 1 9 29 1 3
CD25 25 24 96 11 0 0 28 18 64
CD11c 25 25 100 11 11 100 26 10 38
CD103 25 25 100 11 4 36 25 0 0
SmIg κ 25 12 48 11 5 45 29 18 62
SmIg λ 25 13 52 11 6 55 29 11 38
FMC7 25 25 100 11 11 100 29 28 96
CD22 25 25 100 11 11 100 28 27 96
CD5 25 0 0 11 1 9 29 4 14
CD23 24 3 12.5 10 0 0 28 11 39
CD19 25 25 100 11 11 100 29 28 96
CD79b 24 23 96 7 4 57 28 26 93
CD20 25 25 100 7 7 100 29 29 100
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from 10/11 HCL-variant cases were CD123 negative;
spleen cells from only one case expressed CD123 but
with weak intensity in 39% of cells. All SLVL cases
were CD123 negative, except one out of the 29 (3%),
which was CD123 positive with moderate intensity.  

Regarding the expression of the other markers, all
HCL were CD103+ and CD11c+ and CD25 was positive
in the majority of them. All HCL-variant cases were
CD11c+, CD25− and one-third CD103+. All SLVL cases
were CD103 negative, up to two thirds were CD25+

and one-third CD11c+. For the distinction between
HCL-variant and SLVL the combination of CD25 and
CD11c was the most helpful as CD25 was consistently
negative in HCL-variant and positive in 60% SLVL cas-
es while CD11c was always positive in HCL-variant and
negative in two thirds of SLVL cases. A CD25−/CD11c+

phenotype was seen almost exclusively in the HCL-vari-
ant (100%) and rarely in SLVL (20%) (p<0.001).   

We also analyzed the statistical value of CD123 and
the three other HCL-associated markers (CD25, CD11c,
and CD103) individually and in combination to dis-
criminate between typical HCL versus HCL-variant and
SLVL (Table 2). For the distinction between HCL and
HCL-variant/SLVL, CD123 showed a sensitivity of
95.7% and all the four markers individually analyzed
showed similar sensitivities in predicting the diagno-
sis of HCL. CD123 and CD103 individually showed a
significatively higher specificity than CD25 and CD11c
for HCL, with no significant difference between them.
The combination of two positive markers (i.e.
CD25+/CD123+; CD25+/CD103+; CD103+/CD123+) pre-
dicted the diagnosis of typical HCL with a sensitivity
of 91-96% and specificity of 97-100%; the addition
of a third or fourth marker did not increase the diag-
nostic power of these tests as the overlap of all the
confidence intervals demonstrated the lack of any sig-
nificant difference. 

Discussion

Our study focused on the expression of CD123 in
three B-cell disorders characterized by the presence of
circulating hairy or villous lymphocytes. We have
shown that cells from the majority of typical HCL
express CD123 with strong intensity while this mole-
cule is absent in circulating cells from HCL-variant and
SLVL. Therefore, CD123 is a novel characteristic mark-
er of the typical form of HCL and allows this to be dif-
ferentiated from its variant form and SLVL with very
high sensitivity and specificity. However, this marker is
not useful for distinguishing SLVL from HCL-variant
as it is consistently negative in the majority of patients
with these two conditions.

The combination of CD25 and CD11c seemed more
helpful for discriminating between cases of HCL-vari-
ant and SLVL; for example, a CD25−/CD11c+ phenotype
was seen almost exclusively in HCL-variant and rarely
in SLVL (p<0.001).

Immunophenotype has not so far been shown to be
discriminative between HCL-variant and SLVL. Periph-
eral blood lymphocyte morphology and histology of
bone marrow and spleen specimens remain the key-
stones to the differentiation of HCL-variant and SLVL.
Nevertheless, our study shows that in single difficult

Figure 2. Dot plots illustrating the flow cytometry pat-
terns in a case of HCL, SLVL and HCL-V.
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cases immunophenotype can be helpful by supporting
one or the other diagnosis (i.e. HCL-variant
CD25/CD11c+/CD103+, SLVL CD25+/CD103−/CD11c−). On
the other hand, CD123 is not useful for distinguishing
between CLL and CD5+ SLVL, as it is negative in both
conditions.

There is little information on the diagnostic and/or
possible pathogenetic role of CD123 expression in lym-
phoproliferative disorders. A single study has docu-
mented that CD123 is absent in cells from CLL, man-
tle cell and follicular lymphomas while it is strongly
expressed in HCL16 and widely expressed in all B-cell
lineage ALL and AML.16,22-26 Although its role in leuke-
mogenesis is uncertain, one study26 suggested that the
IL3-R deregulated overexpression in AML may give the
leukemic cells a proliferative advantage, resistance to
in vitro apoptosis and associates with poor prognostic
features such as high white cell count, low complete
remission rate and shorter overall survival. Its func-
tional role in HCL has not, however, been clarified.  

Our findings suggest that CD123 is an additional
useful diagnostic marker to be evaluated in B-cell dis-
orders with circulating villous lymphocytes in cases in
which the differential diagnosis from HCL arises. It
allows typical HCL to be distinguished from its variant
form and SLVL, but does not distinguish between these
latter two conditions, as both are CD123 negative. 

The scoring system reported by Matutes et al.18 for
the differential diagnosis of these three disorders com-
bined four markers (CD25, CD11c, CD103, and HC2)
and suggested the possibility of distinguishing

between typical HCL and HCL-variant/SLVL. Scores
were consistently high (3 or 4) in typical HCL and low
(0 to 2) in HCL-variant and SLVL. However, because
HC2 is not commercially available the combination of
these four markers cannot easily be used in a routine
diagnostic work-up. Our analysis combining the
remaining McAbs (CD25, CD11c, and CD103) and
CD123 shows that the combination of at least two
positive markers (i.e. CD25 and CD123; CD25 and
CD103; or CD103 and CD123) predicts the diagnosis of
typical HCL with high sensitivity and specificity. The
addition of a third or fourth marker did not signifi-
cantly increase the statistical power of the test (Table
2). However, the size of our series could not allow us
to highlight possible further differences in sensitivity
and specificity. 

In the sometimes difficult differential diagnosis
among lymphoid disorders with villous or hairy lym-
phocytes, the pattern of expression of the four mark-
ers is helpful. Therefore, the use of all four markers is
desirable rather than a selection of them. 
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Table 2. Distinction between HCL and HCL-variant/SLVL: sensitivity and specificity in predicting the diagnosis of typ-
ical HCL of the markers analyzed individually and in combination.

Single markers Combinations

Disease CD123+ CD25+ CD11c+ CD103+ CD25+ CD25+ CD103+ CD25+ CD25+ CD25+

CD103+ CD123+ CD123+ CD103+ CD103+ CD103+

CD11c+ CD123+ CD11c+

CD123+

HCL 22/23 22/23 23/23 23/23 22/23 21/23 22/23 22/23 21/23 21/23

HCL-V 1/11 0/11 11/11 4/11 0/11 0/11 1/11 0/11 0/11 0/11

SLVL 1/25 15/25 10/25 0/25 0/25 0/25 0/25 0/25 0/25 0/25

Sensitivity* 95.7% 95.7% 100% 100% 95.7% 91.3% 95.7% 95.7% 91.3% 91.3%
(78-99.9) (78-99.9) (85.2-100) (85.2-100) (78-99.9) (72-98.9) (78-99.9) (78-99.9) (72-98.9) (72-98.9)

Specificity* 94.4% 58.3% 41.7% 88.9% 100% 100% 97.2% 100% 100% 100%
(81.3-99.3) (40.8-74.5) (25.5-59.2) (73.9-96.9) (90.2-100) (90.2-100) (85.4-99.9) (90.2-100) (90.2-100) (90.2-100)

*Sensitivity and specificity expressed as proportions with 95% exact confidence interval. 
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