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Flow Cytometric Analysis of CD123 is Useful for
Immunophenotyping Classical Hodgkin
Lymphoma
Jonathan R. Fromm
Department of Laboratory Medicine, University of Washington Medical Center, Seattle, Washington

Although the diagnosis of classical Hodgkin lymphoma (CHL) is traditionally made morphologically in
tissue sections, it is now possible to diagnose CHL by flow cytometry (FC). In an effort to identify additional antigens on Hodgkin and Reed-Sternberg (HRS) cells that might be useful for immunophenotyping
this lymphoma by FC, we examined the expression of CD123 (a chain of the IL-3R) on HRS cells and
compared this with the expression of CD123 in other lymph node samples (372 tissue specimens,
including 98 reactive and 274 neoplastic cases), using a nine-color FC reagent combination including
anti-CD123. CD123 was found to be expressed on the majority of HRS cell populations (59% of 59 CHL
lymph nodes examined), rarely on B-cell non-Hodgkin lymphomas (NHLs) (3 of 3 hairy cell leukemia
cases, 3 of 29 chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) cases, 1 of 55
large B-cell lymphoma cases, but not on 95 other B-cell NHL examined), and in none of the 16 T-cell
NHL cases examined. In reactive lymph nodes, CD123 expression was largely limited to plasmacytoid
dendritic cells and rare histiocyte populations that can readily be distinguished from HRS populations.
As the expression of this antigen is shown to be relatively limited in B- and T-NHL and in reactive
lymph node populations, assessment of CD123 expression is useful for supporting the FC diagnosis of
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Classical Hodgkin lymphoma (CHL) is a unique, mature
B-cell lymphoma (1–3) comprised of relatively few Hodgkin and Reed-Sternberg (HRS) cells (3–5) admixed with an
abundant non-neoplastic inflammatory cell infiltrate (4–7).
Traditionally, this diagnosis is made morphologically based
on the identification of characteristic large multi-nucleate
cells with prominent, eosinophilic nucleoli in H&E stained
tissue sections with immunohistochemical studies confirming the expression of CD30 and CD15 (majority of
cases) without expression of CD3, CD20 (majority of
cases), or CD45 in the HRS cell (1,5,6,8). We recently
demonstrated that the HRS cells can be identified, and
CHL can be diagnosed with high sensitivity (89%) and
specificity (100%) in a clinical laboratory setting by flow
cytometry (FC) (9). Indeed, in our prior work (10), we
showed that HRS cells from patients with CHL bind avidly
to T cells using various adhesion molecules (CD58 and
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CD54 on the HRS cell binding to CD2 and LFA-1, respectively, on the T cells), and result in rosette formation of
the T cells around HRS cells in paraffin section (11). For
FC, these rosettes can be potentially disrupted with monoclonal antibodies to these adhesion molecules (10,11),
and HRS cells can be detected and even flow sorted by
flow cytometric cell sorting (10). To identify additional
antigens that might be more specific for HRS in FC
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Table 1
Flow Cytometry Tubes for Immunophenotyping
B-cell tube

T-cell tube

CHL tube

Tubes for measuring CD123

CD45-PB/j-FITC/k-PE/
CD19-ECD/CD20-PeCy7/
CD38-A594/CD10-APC/
CD5-APC-Cy7

CD45-PB/CD2-FITC/
CD7-PE/CD34-ECD/
CD8-PeCy5.5/CD3-PeCy7/
CD4-A594/CD56-APC/
CD5-APC-Cy7

CD95-PB/CD64-FITC/
CD30-PE/CD45-ECD/
CD40-PeCy5.5/CD20-PeCy7/
CD15-APC/CD71-APC-A700/
CD5-APC-Cy7

or
CD20-V450/j-FITC/k-PE/
CD5-PeCy5/CD19-PeCy7/
CD38-A594/CD10-APC/
CD45-APC-Cy7

or
CD8-V450/CD2-FITC/CD5-PE/
CD34-ECD/CD56-PeCy5/
CD3-PeCy7/CD4-A594/
CD7-APC/CD45-APC-Cy7

or
CD95-PB/CD64-FITC/
CD30-PE/CD5-ECD/CD40-PeCy5.5/
CD20-PeCy7/CD15-APC/
CD71-APC-A700/CD45-APC-Cy7

immunophenotyping, we sought in this study to evaluate
the FC expression of CD123 on HRS cells, as prior reports
in the literature have suggested its potential utility for
identifying these cells (12).
CD123 is the a-chain of IL-3 receptor (IL-3R), a member of the cytokine receptor superfamily (13). This receptor is a heterodimer comprised of a unique a-chain
and a b-chain that is also common to the IL-5 and the
GM-CSF receptor (14). When bound to its receptor, IL-3
promotes cell survival, stimulates proliferation, and prevents cell death by apoptosis (13,15).
The expression of CD123 has been well described on
hematopoietic stem cells in which it plays an important
role in cellular proliferation (16,17). In the bone marrow
or peripheral blood, CD123 is expressed on most myeloid cells, CD34-positive blasts, and a subset of CD19positive B cells (weakly), but not on CD3-positive T cells
(16,17).
Although CD123 expression has been systematically
characterized in myeloid cells, and expression of CD123
on B lymphoblastic leukemia/lymphoma has also been
reported (18), only limited studies of this antigen on
mature lymphoid neoplasms have been described.
Munoz et al. previously characterized the expression of
CD123 on a limited number of cases of acute leukemia,
chronic lymphocytic leukemia (CLL), mantle cell lymphoma, and a small number of cases of follicular lymphoma and hairy cell leukemia (HCL) (19). Additionally,
only four cases of transformed or aggressive B-cell lymphomas were examined in this study. Similarly, Petrella
et al. examined CD123 expression on only a few cases
of lymphoma in their report on agranular CD4þ/CD56þ
hematodermic neoplasms (20). Finally, Del Giudice et al.
demonstrated the utility of CD123 to immunophenotype
B-cell disorders with hairy or villous lymphocytes (21).
Previous studies using frozen sectioned tissues demonstrated near ubiquitous expression of CD123 on HRS
cells, although some variation in staining intensity was
noted (12). Importantly, this study did not examine the
diagnostic utility of CD123 in CHL. Furthermore, in each
of these prior studies, the number and types of cases
examined was limited, large numbers of mature T-cell
neoplasms and large cell lymphomas were not studied,

CD95-PB/CD64-FITC/
CD30-PE/CD45-ECD/
CD40-PeCy5.5/
CD20-PeCy7/CD123-APC/
CD71-APC-A700/
CD5-APC-Cy7
or
CD95-PB/CD64-FITC/
CD30-PE/CD5-ECD/
CD40-PeCy5.5/
CD20-PeCy7/CD123-APC/
CD71-APC-A700/
CD45-APC-Cy7

and reactive cell populations were not considered. As
such, the diagnostic utility of CD123 for CHL was not
fully examined, and in particular, the value of immunophenotyping of CD123 for the FC-based diagnosis of
CHL has not been explored. In this work, the expression
of CD123 on HRS cells by FC is characterized and compared that with the expression seen on a wide spectrum
of mature B- and T-cell lymphomas, as well as reactive
lymphadenopathies, to determine its diagnostic utility in
supporting a diagnosis of CHL by FC.
METHODS
Fluorescently Labeled Antibodies and Isotype Controls
For all experiments, FC was performed on a modified
4-laser, 10-color Becton-Dickinson LSRII flow cytometer
[same flow cytometer used for clinical cases at the University of Washington Medical Center (UWMC)] utilizing
the following laser-fluorochrome combinations: (1) 405nm violet laser (one color) – Pacific Blue or V450; (2)
488-nm blue laser (five colors) – fluorescein isothiocyanate (FITC), Phycoerythrin (PE), PE-Texas Red (ECD/PETR), PE-Cyanine-5 (PE-Cy5), PE- Cyanine-5.5 (PE-Cy5.5),
and PE-Cyanine-7 (PE-Cy7); (3) 594-nm yellow laser (one
color) – AlexaFluor594 (A594); and (4) 633-nm red laser
(three colors) – allophycocyanin (APC), APC-AlexaFluor
700 (APC-A700), and APC-Cy7.
The specific fluorescently labeled antibodies (clone
names and commercial vendor in parenthesis) used in this
study were obtained from Beckman Coulter (BC, Hialeah,
FL), Caltag (Burlingame, CA), Miltenyi Biotec (Auburn, CA),
and Becton-Dickinson (BD, San Jose, CA). Populations
were first characterized using FC tubes for B- or T-cell nonHodgkin lymphoma (NHL) or CHL (tubes used clinically at
the UWMC for routine clinical immunophenotyping (Table
1)). For initial immunophenotyping of B-cell neoplasms, either of the following single tube combinations were used:
CD45-PB (2D1, BD), kappa light chains-FITC (TB 28-2, BD),
lambda light chains-PE (1-155-2, BD), CD19-ECD (J4.119,
BC), CD20-PeCy7 (B9E9, BC), CD38-Alexa594 (HB-7, BD),
CD10-APC (H110a, BD), and CD5-APC-Cy7 (BL1a, BC) or
CD20-V450 (L27, BD), kappa light chains-FITC, lambda
light chains-PE, CD5-PeCy5 (BL1a, BC), CD19-PeCy7 (B9E9,
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BC), CD38-Alexa594, CD10-APC, and CD45-APC-Cy7 (2D1,
BD). For initial immunophenotyping T-cell neoplasms, either of the following single tube combinations were used:
CD45-PB, CD2-FITC (SFCI3Pt2H9, BC), CD7-PE (M-T701,
BD), CD34-ECD (581, BC), CD8-PeCy5.5 (SFC121Thy2D3,
BC), CD3-PeCy7 (UCHT1, BC), CD4-A594 (SK3, BD),
CD56-APC (NCAM16.2, BD), and CD5-APC-Cy7 or CD8V450 (RPA-T8, BD), CD2-FITC, CD5-PE (L17F12), CD34ECD, CD56-PeCy5 (N901), CD3-PeCy7, CD4-A594, CD7APC (CD7-6B7), and CD45-APC-Cy7. For initial immunophenotyping of CHL cases, either of the following tubes
were used: CD95-PB (DX2, Caltag), CD64-FITC (22, BC),
CD30-PE (Ber-H83, BD), CD45-ECD (J33, BC), CD40-PECy5.5 (MAB89, BC), CD20-PE-Cy7 (B939, BC), CD15-APC
(H198, BD), CD71-APC-A700 (YDJ.1.2.2, BC), and CD5APC-Cy7 or CD95-PB, CD64-FITC, CD30-PE, CD5-ECD
(BL1a, BC), CD40-PE-Cy5.5, CD20-PE-Cy7, CD15-APC,
CD71-APC-A700, and CD45-APC-Cy7. Finally, to determine
expression of CD123 on neoplastic or reactive populations,
either of the following single tube combinations were
used: CD95-PB, CD64-FITC, CD30-PE, CD45-ECD, CD40-PECy5.5, CD20-PE-Cy7, CD123-APC (AC145, Miltenyi), CD71APC-A700, and CD5-APC-Cy7, or CD95-PB, CD64-FITC,
CD30-PE, CD5-ECD, CD40-PE-Cy5.5, CD20-PE-Cy7, CD123APC, CD71-APC-A700, and CD45-APC-Cy7. Appropriate isotype controls to determine background fluorescence were
also used.
Specimen Selection and Preparation of Tissue
Suspensions
This study was conducted with approval of the University of Washington Human Subjects Review Committee. Tissue specimens were selected for further
evaluation for CD123 expression, if an abnormal B-, T-,
or HRS-cell population was identified by routine clinical
immunophenotyping. Cases of HCL involving the blood
or bone marrow were included in the study as this neoplasm has been previously reported to express CD123
(19), and served as positive controls. Cases without
abnormal B-, T-, or HRS-cell populations were also
selected to evaluate expression of CD123 in various reactive lymph node processes. Morphologic diagnoses
were determined by a combination of histologic examination, FC in the UWMC laboratory, and immunohistochemical analysis.
Lymph node suspensions were prepared in the standard manner used for routine clinical immunophenotyping of tissues in our laboratory. Briefly, tissue was finely
minced in 3–5 ml of RPMI using a scalpel. The homogenate was then filtered (40-mm filter), centrifuged (550g
for 10 min), washed with PBS, and then re-suspended in
0.5 ml RPMI.
Surface immunophenotyping of tissue suspensions: All
incubations were performed at room temperature in the
dark. Aliquots of cells (up to 500,000) were incubated
with titered, fluorescently labeled antibodies for 15 min
in "100 ml RPMI. Cells suspensions were lysed and
fixed with 0.25% paraformaldehyde, 0.15 M ammonium
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chloride, pH 4.8 for 15 min, washed with 3 ml PBS-BSAazide, and incubated with 0.1 ml of PBS prior to
analysis.
Evaluation of tissues by FC: Specimens were first
immunophenotyped and analyzed for abnormal B-, T-,
or HRS-cell [criteria for identifying HRS cells was
described previously (9)] populations, using an appropriate initial immunophenotyping tube (see above and
Table 1). Specimens with and without neoplastic populations were further studied with a FC tube containing
anti-CD123 (mentioned earlier and Table 1), and the
levels of CD123 on the neoplastic and reactive populations were evaluated. The results of these two FC studies were then compared using light scatter properties
and antibodies common to both tubes to ensure that
the neoplastic population (when present) was appropriately identified in the tube containing anti-CD123.
For some lymphoma specimens, the abnormal population could readily be identified in the standard tube
used clinically to immunophenotype B- or T-cell lymphomas but not in the tube containing anti-CD123. In
these circumstances, when sufficient material was
available, a custom combination of FC reagents was
devised to permit appropriate identification of the neoplastic population in the presence of anti-CD123 antibody. In 22 cases, the neoplastic population identified
in the clinical FC tube could not be uniquely identified
in the anti-CD123-containing tube. Although none of
these cases demonstrated an abnormal CD123-positive
population, given the above limitation, these data
were not included in this study. Neoplastic populations were semiquantitatively evaluated as either negative (#) or dim (þ), intermediate (þþ), or brightly
(þþþ) positive for CD123 when compared with
background (as determined by isotype-matched control
experiments).

RESULTS
Characteristics of Morphologically and Flow
Cytometrically Confirmed CHL Cases
Fifty-nine cases of CHL were examined in this cohort.
The average patient age was 38.1 years with a male-tofemale ratio of 1.7:1 for the cases that were diagnostic
of CHL by FC and morphology. Specimens were
obtained from various sites including the neck (39 cases,
66.1%), axilla (7 cases, 11.9%), mediastinum and groin
(4 cases each, 6.8% each), undesignated sites (3 cases,
5.1%), and finally, the mesentery and lung (1 case each,
3.4%).
The CHL cases were subclassified as follows: 64.4%
(38 cases) of the cases were nodular sclerosis Hodgkin
lymphoma subtype (NSHL), 27.1% (16 cases) were diagnosed as ‘‘subtype not specified’’ or ‘‘recurrent’’ CHL,
6.8% (4 cases) were diagnosed as mixed cellularity
Hodgkin lymphoma subtype (MCHL), and 1.7% (1 case)
was diagnosed as lymphocyte-rich CHL subtype
(LRCHL).

94

FROMM

Table 2
Expression of CD123 on Neoplastic Cells of Various Lymphomas and Non-hematopoietic Neoplasms
Diagnosis

No. of cases examined

No. of cases positive
(% positive) for CD123

Classical Hodgkin lymphoma
Large B-cell lymphoma (various morphologies)
Follicular lymphoma
CLL/SLL
B-cell lymphoma, not otherwise specified
Marginal zone lymphoma
Mantle cell lymphoma
Nodular lymphocyte predominant Hodgkin lymphoma (NLPHL)a
Peripheral T-cell lymphoma (PTCL), unspecified
Non-hematopoietic neoplasm
Anaplastic large cell lymphoma
Hairy cell leukemiab
Burkitt lymphoma
Angioimmunoblastic T-cell lymphoma
Lymphoplasmactyic lymphoma
LGL leukemia (in spleen)
Large cell transformation of cutaneous T-cell lymphoma
Composite lymphoma (PTCL and CLL/SLL)c
CLL/SLL with Hodgkin cellsc

59
55
47
29
20
12
11
10
8
7
3
3
3
2
1
1
1
1
1

35 (59)
1 (1.8)
0 (0)
3 (10.3)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
3 (100)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

a

NLPHL included despite the fact that the neoplastic population cannot be identified.
Blood specimens.
Negative on both neoplastic populations.

b
c

CD123 Expression in CHL Tissue Specimens by FC
To determine the utility of assessing CD123 expression in the FC-based diagnosis of CHL, 59 CHL cases
were examined (Tables 2 and 3). The antibody combinations were chosen to allow neoplastic populations from
both CHL and NHL to be identified, and the level of
CD123 measured. Of the CHL cases, 59% (35 of 59
cases) demonstrated expression of CD123 by FC (above
background). All subtypes of CHL showed evidence of
CD123 expression on HRS cells; however, the histological subtypes varied with regard to the percentage of
cases that were positive for CD123 by FC. Analysis of
the subtypes of CHL showed that of the 38 cases categorized as NSHL, 29 (76.3%) were CD123-positive, one
half of the four MCHL cases were CD123 positive,
whereas the one LRCHL case was CD123-negative. The
average age for the CD123-positive and negative patients
were 35.7 and 41.6 years, respectively. Of all cases,
54.1% and 68.2% of the cases from men and women,
respectively, showed HRS cells with positivity for
CD123. Examples of positive and negative cases are
shown in Figure 1.
CD123 Expression in NHL Tissue Specimens by FC
CD123 expression was evaluated in NHL specimens
to determine its specificity as the expression of this antigen in lymphoma as not been systematically examined.
In our cohort of mature B- and T-cell NHLs, expression
of CD123 was found to be largely limited to HCL (3 of 3
cases positive; 100%), rare cases of CLL/small lymphocytic lymphoma (SLL) (3 of 29 cases positive; 10.3%),
and a single case of large B-cell lymphoma (1 of 55 cases
positive; 1.8%). One unique case of a CLL/SLL with HRS

cells (but lacking the inflammatory infiltrate of CHL)
was present in the series (Table 2); neither the CLL/SLL
population nor the HRS population demonstrated evidence of CD123 expression.
Levels of CD123 expression varied significantly among
the B-cell NHL cases that were positive. The three HCL
cases all had CD123 expression equal to or greater than
the intermediate to bright positive CHL cases. In contrast, the expression of CD123 on the three positive
CLL/SLL cases and the single positive case of diffuse
large B-cell lymphoma (DLBCL) were dim, variable, and
only slightly above the negative control background.
Examples of CD123 expression in NHLs are shown in
Figure 2.
CD123 Expression in Non-neoplastic Tissue
Specimens by FC
CD123 expression was further evaluated on 98 nonneoplastic, reactive tissue specimens using a similar twoFC tube strategy to determine whether hematopoietic
populations in reactive specimens demonstrated any evidence of expression of this antigen. In the vast majority
of cases (96%, 94 cases), a CD123-positive non-neoplastic
population could be confidently identified. The CD123positive reactive population likely represents plasmacytoid dendritic cells (pDCs). Prior FC studies on 10 tissue
specimens in our laboratory using reagent combinations
containing antibodies to HLA-DR, CD5, CD20, CD30,
CD95, and CD123 demonstrate that all (or the vast majority) of bright CD123 positive events that form a discreet cluster are pDC populations (CD123þ/HLA-DRþ)
(22) (data not shown). In general, these cells had slightly
decreased expression of CD45 and slightly increased side
light scatter properties compared with normal
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Table 3
Expression of CD123 in Classical Hodgkin Lymphoma by Flow Cytometry
No.

Age

Sex

Specimen type/location

Morphology

Expression of CD123

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

81
59
25
27
25
27
19
63
71
26
25
40
82
33
56
62
43
20
54
43
30
37
27
23
33
36
21
46
42
25
33
23
64
74
51
22
33
45
38
19
20
26
23
38
39
23
31
38
53
41
70
37
27
37
23

M
M
F
F
M
F
M
M
M
M
M
M
M
F
M
M
F
F
F
M
M
M
M
M
M
F
F
F
M
M
M
F
M
M
M
M
F
M
M
F
M
F
F
F
M
F
M
M
M
M
M
F
F
M
M

Left neck mass
Cervical lymph node
Mediastinal lymph node
Left supraclavicular lymph node
Right axillary lymph node
Left cervical lymph node
Right supraclavicular lymph node
Left neck cervical lymph node
Right supraclavicular lymph node
Right neck mass
Right supraclavicular lymph node
Left neck lymph node FNA
Left mediastinal mass
Left neck lymph node
Lymph node groin
Axillary mass
Axillary lymph node
External iliac lymph node
Mesentric mass
Left submandibular neck mass
Left axillary
Left neck mass
Subcarinal lymph node FNA
Cervical lymph node
Left supracervical node
Left neck lymph node
Left cervical lymph node
Right cervical lymph node
Right neck mass
Right groin lymph node
Left cervical lymph node
Supraclavicular lymph node
Mediastinal mass
Left inguinal lymph node
Tissue (site not specified)
Neck mass
Left supraclavicular lymph node
Left supraclavicular lymph node
Mediastinal lymph nodes
Right upper lobe nodule
Right neck
Left supraclavicular lymph node
Left neck nodule
Left neck lymph node
Right cervical lymph node
Left axillary lymph node
Left axillary lymph node
Supraclavicular lymph node
Lymph node
Supraclavical mass
Cervical lymph node
Left cervical lymph node
Supraclavicular lymph node
Right axillary lymph node
Left neck lymph node

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ
þ, v
þ, v
þ to þþ
þ to þþ
þ to þþ, v
þ to þþ, v
þ to þþ, v
þ to þþþ, v
þþ
þþ
þþ
þþ
þþ
þþ
þþ
þþ, v
þþ to þþþ
þþ to þþþ
þþþ

56
57
58
59

26
17
46
29

F
M
F
F

Cervical lymph node
Right cervical neck node
Tissue (site not specified)
High pretracheal lymph node

NSHL (CHL)
NSHL (CHL)
Recurrent CHL
NSHL (CHL)
Recurrent CHL
CHL, NOS
NSHL (CHL)
CHL, NOS
CHL, NOS
CHL, NOS
Recurrent CHL
Highly suggestive of CHL
Suspicious for CHL
CHL (NSHL)
CHL (MCHL)
Consistent with CHL, NOS
CHL (LRCHL)
CHL, NOS
CHL (NSHL)
CHL (MCHL)
CHL (NSHL)
CHL (NSHL)
CHL (recurrent)
CHL (NSHL)
CHL (NSHL)
CHL (NSHL)
CHL (NSHL)
CHL, NOS
CHL (NSHL)
CHL, favor MCHL
CHL (NSHL)
CHL (NSHL)
CHL (favor NSHL)
CHL, favor NSHL
CHL, NOS
CHL, favor MCHL
CHL (NSHL)
NSHL (CHL)
CHL, NSHL
CHL (NSHL)
CHL (NSHL)
CHL (favor NSHL)
CHL, NOS
CHL (NSHL)
CHL (NSHL)
CHL (NSHL)
NSHL, recurrent
NSHL (CHL)
NSHL (CHL)
CHL, NSHL
CHL, NSHL
CHL (NSHL)
NSHL (CHL)
CHL (favor NSHL)
CHL, NSHL (in a composite
lymphoma with mediastinal LBCL)
CHL, favor NSHL
CHL (favor NSHL)
CHL, NOS
CHL (NSHL)

þþþ
þþþ
þþþ
þþþ

CHL, NOS, classical Hodgkin lymphoma, not otherwise specified. Neoplastic populations were semiquantitatively evaluated as
either negative (#) or dim (þ), intermediate (þþ), or brightly (þþþ) positive for CD123 (above background, as determined by
isotype-matched control experiments).
M, male; F, female; v, variable; MCHL, mixed cellularity Hodgkin lymphoma; NSHL, nodular sclerosis Hodgkin lymphoma; FNA,
fine needle aspiration.
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FIG. 1. Representative examples of CD123 expression by FC of morphologically confirmed CHL cases. HRS cells (shown in red and emphasized)
are identified by their expression of CD30, CD40, CD95, absence of expression of CD64, and increased side light scatter (SSC-H) compared with
normal lymphocytes; all remaining viable events are in blue. (A) A case of CHL with bright CD123 expression. Neoplastic HRS cells have expression
of CD30 (intermediate to bright), CD40 (bright), CD71 (bright, not shown), CD95 (bright), and CD123 (bright) without CD64 (position of negative
determined by isotype-matched control experiment, not shown) or CD20 (not shown). Binding (rosetting) of T cells to the HRS cells results in the
apparent expression of CD5 (not shown) and CD45 (bright). (B) A case of CHL with intermediate CD123 expression. Neoplastic HRS cells have
expression of CD30 (low), CD40 (bright), CD71 (intermediate, not shown), CD95 (bright), and CD123 (intermediate) without CD64 or CD20 (not
shown). The majority of the HRS cells are not bound to T cells; consequently, the HRS cells have no expression of CD5 (not shown) and low to intermediate expression of CD45. (C) A case of CHL with low CD123 expression. Only the HRS cells are shown in the last panel for clarity. Neoplastic
HRS cells have expression of CD30 (intermediate to bright), CD40 (intermediate, not shown), CD71 (intermediate to bright, not shown), CD95
(bright, not shown), and CD123 (low) without CD64 or CD20 (not shown). The majority of the HRS cells are not bound to T cells; consequently, the
HRS cells have no expression of CD5 (not shown) and intermediate expression of CD45. (D) A case of CHL with no CD123 expression. Neoplastic
HRS cells have expression of CD30 (intermediate to bright), CD40 (intermediate to bright), CD71 (intermediate, not shown), and CD95 (intermediate), without CD20 (not shown), CD64, or CD123. The majority of the HRS cells are bound to T cells; consequently, the HRS cells have expression
of CD5 (not shown) and intermediate expression of CD45. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

lymphocytes, variable, weak expression of CD71, weak
to absent CD40, no expression of CD30 and CD95, and
no expression of macrophage (CD64), B- (CD20) or T-cell
(CD5) antigens. Occasional populations had slightly
increased expressed expression of CD40, CD71, and/or
CD95. An example of a typical pDC population is shown
in Figure 3. In general, reactive B and T cells lacked

expression of CD123. Finally, monocyte and/or macrophages expressed CD64 and CD123 in the rare cases in
which a significant number of these cells were present.
DISCUSSION
The results presented here show that in clinical FC
laboratory, assessment of CD123 expression can be
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FIG. 2. Expression of CD123 on NHLs. The neoplastic population is in red; all other events are in blue. (A) A case of diffuse large B-cell lymphoma. The neoplastic population has increased side and forward light scatter (not shown) with expression of CD20 (bright), CD40 (intermediate),
CD45 (bright), CD71 (variable), CD95 (low; not shown) without CD5, CD30, CD64 (not shown), or CD123. (B) A case of anplastic large cell lymphoma, ALK-negative. The neoplastic population has increased side and forward light scatter (not shown) with expression of CD5 (intermediate to
bright), CD30 (low to intermediate), CD45 (bright), CD71 (variable), CD95 (intermediate) without CD20, CD40, CD64 (not shown), or CD123. (C) A
case of HCL (in peripheral blood). The neoplastic population is has increased side scatter (SSC-H) and expression of CD45 (bright), CD20 (intermediate to bright), CD40 (intermediate) and CD123 (intermediate), without CD5, CD30, CD64 (not shown), CD71 (not shown), or CD95 (not shown).
(D) A case of CD123-positive CLL/SLL. The neoplastic population has expression of CD5 (intermediate), CD20 (low), CD40 (low), CD45 (intermediate to bright), CD71 (low), and CD123 (low) without CD30 (not shown), CD64 (not shown), or CD95. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

useful for making or supporting a diagnosis of CHL.
CD123 is shown to be expressed in CHL, HCL, rare
cases of CLL/SLL, and very rare cases of large B-cell lymphoma. As neither CLL/SLL nor HCL express significant
CD30 (23), and large B-cell lymphomas commonly demonstrate expression of CD20 but lack significant CD30
(24), assessing CD123 expression can reliably aid in
identifying HRS cells by FC. In this work, we further
show that CD123 has clinical utility in immunphenotypically discriminating HRS cells from other large cell hematopoietic neoplasms by FC. Importantly, in
lymphomas for which CHL is considered in the morpho-
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logic and FC differential diagnosis, such as anaplastic
large cell lymphoma and rarely large B-cell lymphomas
(5), this antigen was not or only rarely expressed,
respectively. Moreover, although we cannot completely
exclude expression of CD123 on a subset of neoplastic
cells in cases of nodular lymphocyte predominant Hodgkin lymphoma, we did not observe any evidence of
CD123 expression on a putative neoplastic population.
Additional studies are needed to further examine this
possibility.
Our data here build on the prior experience of Munoz
et al., who noted by FC that with the exception of HCL,
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FIG. 3. Expression of CD123 in the normal subpopulations of a reactive lymph node. Putative pDCs are identified by expression of CD123 and
characteristic light scatter properties (colored in magenta and emphasized). B and T cells are colored in cyan and green, respectively. All viable
events (as determined by forward and side scatter gating) are shown in the first three panels; only pDCs are shown in the last two panels. Only pDCs
demonstrate significant expression of CD123 while B and T cells do not express this antigen. pDCs express low CD40, weak and variable CD71 (not
shown), bright CD45, and do not express significant CD5, CD20, CD30, CD64 (not shown), or CD95. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

B-cell NHL rarely express CD123 (19). In their report, of
96 non-HCL B-cell NHL, only 6 had expression of CD123
(3 of 77 CLL/SLL; 1 of 12 mantle cell lymphomas; 1 of 5
follicular lymphomas; and 1 of 2 Burkitt lymphomas),
whereas 6 of 7 cases of HCL cases examined had expression of this antigen (19). In the data presented here,
only rare cases of CLL/SLL and large B-cell lymphoma
demonstrate expression of CD123. Importantly, the
expression on the non-HCL B-cell NHL cases was dim
and variable. Adding to this body of literature, we now
show that CD123 is not expressed on any of the cases
of mature T-cell lymphomas examined in this cohort,
which to the best of our knowledge, is the first study to
systematically evaluate CD123 expression in T-cell
lymphomas.
Importantly, in reactive lymph nodes, only a few cell
populations including pDCs and monocytes express significant CD123. These populations, however, can be reliably distinguished from HRS cells by the absence of
expression of CD30, CD95, and bright CD40-antigens that
are expressed on HRS cells and are routinely examined in
our current clinical FC reagent combination for evaluating
for CHL. Although macrophages were also shown to
express significant CD123, the lymph node specimens in
this study rarely demonstrated a significant macrophage
population. Moreover, as macrophages do not readily
express CD30 or bright CD40 but do express CD64, distinction from HRS cells is relatively simple. In short, few
malignant and reactive cellular populations were found to
express CD123, suggesting that evaluation of this antigen
in the context of expression of CD30, CD95, and CD40, is
specific for the FC identification of HRS cells.
Although HRS cells are shown in this study to express
CD123 relatively frequently, it is likely that this study
underestimated the number of cases that showed FC
expression of this antigen in this cohort due to using a
rather strict and therefore high threshold for determining
positivity above background. If our threshold for determining CD123 positivity were relaxed, it is likely that
additional cases would have been classified as showing
positive, albeit weaker, expression of CD123. This impression is supported by prior studies by Aldinucci et al. who
showed that while HRS cells from all CHL cases exam-

ined expressed CD123, intensity of CD123 expression by
HRS cells in frozen section immunohistochemistry is variable, with many cells showing weak expression of this
antigen (12). Indeed, they reported that 7 of 19 CHL
cases in their studies showed only dim or weak expression of CD123 (12). We cannot formally exclude that antigen shedding or down-regulation accounts for the
difference in expression of CD123 on HRS cells in this
study compared with that of Aldinucci et al.
The utility of analyzing CD123 expression is further
demonstrated by considering a single case of gray-zone
lymphoma in this cohort, which by morphology was
diagnosed as B-cell lymphoma, unclassifiable, with features intermediate between diffuse large B-cell lymphoma
and CHL. Gray-zone lymphomas are described as having
a morphologic appearance and immunophenotype that
is commonly intermediate between that of mediastinal
large B-cell lymphoma (LBCL) and CHL (25,26). Often
variants with morphology akin to LBCL have a CHL
immunophenotype and vice versa (26). In this particular
case, the neoplastic cells expressed intermediate levels
of CD123 with an immunophenotype by FC that was
otherwise typical of CHL (CD15 [intermediate and uniform], CD20 [weak and variable], CD30 [intermediate],
CD40 [bright], CD45 [low], CD71 [intermediate to
bright], CD95 [intermediate to bright] without CD64 or
CD5). However, by morphology, this case was felt to be
more in keeping with LBCL, in light of its cytomorphology and increased number of cells present in large aggregates. More cases of grey zone lymphoma will be
required to determine the significance of CD123 expression in this entity. However, we hypothesize that the majority of cases with a CHL immunophenotype will also
be positive for CD123, further supporting the notion
that these tumors reside on a biologic continuum
between typical CHL and diffuse large B-cell lymphoma
(25,26). Similarly, examining cases of primary mediastinal
large B-cell lymphomas may be intriguing, as these lymphomas commonly show similarities with CHL (27).
Studies are underway to examine this possibility.
In routine clinical practice, we envision the evaluation
of CD123 as an ‘‘add on’’ tube (combination similar to
that described in the Materials and Methods section) to
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help support the diagnosis of CHL in diagnostically challenging cases. This approach is analogous to the use of
other markers [Oct-2, Bob.1, (28), etc.] to support a diagnosis of CHL in paraffin section when the morphologic
diagnosis is difficult. Of the 35 CHL cases that expressed
CD123, three cases lacked expression of CD15 (8.6%),
four cases showed strong expression of CD20 (11.4%;
defined as CD20 expression at the level of a B cell or
greater), and one case lacked CD15 and demonstrated
strong CD20 expression (2.9%). Evaluation of CD123 is
therefore recommended when the FC-derived immunophenotype of a putative HRS population is atypical.
In summary, FC analysis of CD123 expression is useful
for diagnosing CHL, particularly in the context of routine FC assessment of CHL that we have previously
described (9,10). Evaluation of this antigen is recommended to support a diagnosis of CHL by FC in which
preliminary analysis is diagnostically challenging.
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