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Horizon V500, CD56 Pe-Cy7 (all Becton Dickinson,
Mountain View, CA), CD45 Pacific blue (DakoCytoma-
tion, Heverlee, Belgium) and CD19 APC-A750 (Beckman
Coulter, Immunotech, Marseille, France). Subsequently,
cells were washed and treated with IntraStain, according
to manufacturer’s instructions (DakoCytomation). Intra-
stain allows simultaneous detection of surface- and intra-
cellular antigens. In this analysis, monoclonal antibodies
kappa fluorescein isothiocyanate (FITC) and lambda phy-
coerythrin (PE) (Becton Dickinson, clones TB28-2 and 1-
155-2, respectively) were used to detect cytoplasmic light
chains. Using the same conditions, an additional staining
on whole bone marrow cells (1 � 106) was performed
using CD27 Horizon V500, CD138 PercP-Cy5.5, CD38 Pe-
Cy7 (all Becton Dickinson), CD45 Pacific blue (DakoCyto-
mation), CD19 APC-A750 (Beckman Coulter, Immuno-
tech) in combination with staining for cytoplasmic
plasma cell marker VS38c-FITC and cytoplasmic polyclo-
nal rabbit IgG F(ab0)2 kappa APC and polyclonal rabbit
IgG F(ab0)2 lambda PE (MultiMix triple-colour TC670,
DakoCytomation).

Cell analysis was performed on a 3-laser Canto II flow
cytometer (Becton Dickinson). Compensation beads
were used to determine spectral overlap and compensa-
tion was automatically calculated using Diva software.
Fluorescent labeled beads (CS&T beads, Becton Dickin-
son) were used to standardize the flow cytometer and
verify optical path and stream flow. This procedure ena-
bles controlled standardized results and allows the deter-
mination of long-term drifts and incidental changes
within the flow cytometer. CS&T beads were used
before each analysis to verify optimal performance of

the flow cytometer. No changes were observed which
could affect the results. PC in the BM sample were iden-
tified as described (1) and shown in Figure 1. In short,
CD38, CD138, and CD45 expression and light scatter
characteristics were used to identify PC, including possi-
ble CD45 positive PC (Figs. 1A and 1B).

RESULTS AND DISCUSSION

Recent advances in multicolor flow cytometry allow a
detailed analysis of PC in BM of normal individuals and
patients with multiple myeloma. Markers that are shared
by PC, like CD38 and CD138, are used to identify PC in
both normal and patient samples (2,3). Technical and
data analysis guidelines have been published to identify
normal and abnormal PC using flow cytometry (1). There
is heterogeneity in cell surface antigen expression on nor-
mal PC (2), nevertheless differential expression of
selected surface makers form the basis for discrimination
between normal and abnormal PC. Markers expressed on
most normal PC, in addition to CD38 and CD138, include
CD19, CD27, and CD45 (4). Myeloma PC may differ from
normal PC in the expression of CD19 (5), adhesion mole-
cules like CD56 (6), Lymphocyte Function Antigen 1
(LFA-1)-1 (7) and CD44 splice variants (8), co-stimulatory
molecules like CD27 (9) and CD28 (10), and myeloid cell
associated antigens like CD33 and CD117 (11). In a
recently described statistical model, the absence of CD19
and CD27 on myeloma PC permitted a reproducible
detection of minimal residual disease (MRD) (12). These
data suggest that immunophenotype alone can provide a
reliable sensitive detection of residual myeloma PC.
Although in general this may be true, caution is advised

FIG. 1. Characterization of PC. A: PC are positive for CD38 and CD138. B: Based on CD45 expression two PC subpopulations (1 and 2) are dis-
cerned. C: PC subpopulation 1 is positive for CD19. D: PC subpopulation 2 is negative for CD19. E: PC in subpopulation 1 stain for cytoplasmic
kappa or lambda using monoclonal antibodies. F: PC in subpopulation 2 do not stain for cytoplasmic kappa or lambda using monoclonal antibodies.
G: PC in subpopulation 1 stain for cytoplasmic kappa or lambda using polyclonal antibodies. H: PC in subpopulation 2 stain for cytoplasmic lambda
using polyclonal antibodies. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

2 VAN VELZEN ET AL.

Cytometry Part B: Clinical Cytometry

Cyt Kappa FITC blue 1-A

C
yt

 L
am

bd
a 

P
E

 b
lu

e 
2-

A

Figure A: Plasma cells in subpopulation II do not 
stain for cytoplasmic kappa and lambda light chains 
using monoclonal antibodies.

Kappa and Lambda Reagents for Flow Cytometry
Kappa and lambda reagents are important in the diagnosis and identification 
of hematopoietic malignancies of B-cell origin. Such malignant cells are clonal 
in nature typically expressing either kappa or lambda on their cell surface and 
cytoplasmically. Thus, analysis of suspicious cell populations using reagents 
specific for either kappa or lambda can be used to demonstrate clonality (1), 
which is a hallmark of malignancy.

Several B cell lymphoproliferative disorders and plasma cell dycrasias are 
associated with decreased levels of kappa and lambda at the cell surface. 
In these cases, it is important to utilize kappa and lambda reagents that can 
optimally identify kappa and lambda cell surface expression even at low levels.

In some B-cell malignancies the kappa and lambda light chains may be 
mutationally altered creating a risk that the use of monoclonal antibodies for 
analysis could fail to detect these light chains. Using polyclonal antibodies 
that recognize multiple epitopes on the target molecule eliminates this risk 
and helps avoid false-negative results (2). Furthermore, the binding of more 
than one reagent per target molecule will increase the staining intensity. 

Advantages of using polyclonal antibodies in the detection of 
immunoglobulin light chains
A study (3) has demonstrated the advantage of using polyclonal antibodies 
in the clonality assessment of plasma cells. Bone marrow samples of a 
myeloma patient were analyzed for the presence of residual abnormal plasma 
cells by multicolor flow cytometry. Absence of cytoplasmic light chain 
expression in a plasma cell subpopulation with an abnormal phenotype using 
monoclonal antibodies suggested the presence of non-secretory plasma 
cells in the bone marrow of this patient (Figure A). This observation however, 
was contradicted by the presence of free lambda light chains in the patient’s 
serum. After repeating the analysis with polyclonal antibodies against intra-
cellular immunoglobulin light chains instead of monoclonal antibodies, the 
abnormal plasma cell subpopulations were shown to express lambda light 
chains across all tested subpopulations (Figure B). The data from the study 
clearly demonstrate that usage of polyclonal over monoclonal antibodies 
should be preferred for the detection of intracellular immunoglobulin light 
chains.

Another study (4) illustrates the occurrence of false-negative results when 
using a monoclonal anti-light chain antibody in the assessment of clonal 
B cells in a patient with follicular lymphoma. In the study, the analysis for 
surface immunoglobulin light chains (SIg) using monoclonal antibodies failed 
to detect surface kappa and lambda light chains in one of the assessed 
CD20+ subpopulations (Figure C). On repeating the tests using polyclonal 
antibodies, both the cell populations were observed to be positive for surface 
kappa and lambda light chains (Figure D). This suggested that the epitope 
recognized by the monoclonal antibody is not expressed or accessible in all 
B-cell populations leading to false-negative results. The study advocates the 
preference and use of polyclonal antibodies in the detection of membrane-
bound immunoglobulin light chains.
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Fig. 1. Characterization of B cells. B cells are identified based on sequential gating on FSC and SSC characteristics (A) and CD19 positivity
(B). Three B-cell subpopulations are discerned based on CD10 and CD20 expression (C). Subpopulation I is positive for CD20 and negative for
CD10. Subpopulation II is positive for CD10 and CD20 and a population of progenitor B cells is shown, which do not express surface light chains
(data not shown). Population I is positive for surface kappa or lambda light chains using monoclonal antibodies (D) or polyclonal antibodies (F).
Subpopulation II does not stain for surface kappa or lambda chains using monoclonal antibodies (E), but is positive for surface lambda light chain
when stained with polyclonal antibodies.

respectively), all from Becton Dickinson and CD20
eFluor450 (clone 2H7) from eBioscience (San Diego, CA).
Incubation was performed for 15 min at room tempera-
ture in the dark. Subsequently, the cells were washed and

immediately analyzed on a 3-laser Canto II flow cytome-
ter (Becton Dickinson, Mountain View, CA). Compensa-
tion and instrument set-up were performed as described
before (1).
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Figure D: Subpopulation II is positive for surface 
lambda light chains when stained with polyclonal 
antibodies.

2 van Velzen et al.

Fig. 1. Characterization of B cells. B cells are identified based on sequential gating on FSC and SSC characteristics (A) and CD19 positivity
(B). Three B-cell subpopulations are discerned based on CD10 and CD20 expression (C). Subpopulation I is positive for CD20 and negative for
CD10. Subpopulation II is positive for CD10 and CD20 and a population of progenitor B cells is shown, which do not express surface light chains
(data not shown). Population I is positive for surface kappa or lambda light chains using monoclonal antibodies (D) or polyclonal antibodies (F).
Subpopulation II does not stain for surface kappa or lambda chains using monoclonal antibodies (E), but is positive for surface lambda light chain
when stained with polyclonal antibodies.

respectively), all from Becton Dickinson and CD20
eFluor450 (clone 2H7) from eBioscience (San Diego, CA).
Incubation was performed for 15 min at room tempera-
ture in the dark. Subsequently, the cells were washed and

immediately analyzed on a 3-laser Canto II flow cytome-
ter (Becton Dickinson, Mountain View, CA). Compensa-
tion and instrument set-up were performed as described
before (1).
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Figure C: Subpopulation II does not stain for surface 
kappa and lambda light chains using monoclonal 
antibodies.

Horizon V500, CD56 Pe-Cy7 (all Becton Dickinson,
Mountain View, CA), CD45 Pacific blue (DakoCytoma-
tion, Heverlee, Belgium) and CD19 APC-A750 (Beckman
Coulter, Immunotech, Marseille, France). Subsequently,
cells were washed and treated with IntraStain, according
to manufacturer’s instructions (DakoCytomation). Intra-
stain allows simultaneous detection of surface- and intra-
cellular antigens. In this analysis, monoclonal antibodies
kappa fluorescein isothiocyanate (FITC) and lambda phy-
coerythrin (PE) (Becton Dickinson, clones TB28-2 and 1-
155-2, respectively) were used to detect cytoplasmic light
chains. Using the same conditions, an additional staining
on whole bone marrow cells (1 � 106) was performed
using CD27 Horizon V500, CD138 PercP-Cy5.5, CD38 Pe-
Cy7 (all Becton Dickinson), CD45 Pacific blue (DakoCyto-
mation), CD19 APC-A750 (Beckman Coulter, Immuno-
tech) in combination with staining for cytoplasmic
plasma cell marker VS38c-FITC and cytoplasmic polyclo-
nal rabbit IgG F(ab0)2 kappa APC and polyclonal rabbit
IgG F(ab0)2 lambda PE (MultiMix triple-colour TC670,
DakoCytomation).

Cell analysis was performed on a 3-laser Canto II flow
cytometer (Becton Dickinson). Compensation beads
were used to determine spectral overlap and compensa-
tion was automatically calculated using Diva software.
Fluorescent labeled beads (CS&T beads, Becton Dickin-
son) were used to standardize the flow cytometer and
verify optical path and stream flow. This procedure ena-
bles controlled standardized results and allows the deter-
mination of long-term drifts and incidental changes
within the flow cytometer. CS&T beads were used
before each analysis to verify optimal performance of

the flow cytometer. No changes were observed which
could affect the results. PC in the BM sample were iden-
tified as described (1) and shown in Figure 1. In short,
CD38, CD138, and CD45 expression and light scatter
characteristics were used to identify PC, including possi-
ble CD45 positive PC (Figs. 1A and 1B).

RESULTS AND DISCUSSION

Recent advances in multicolor flow cytometry allow a
detailed analysis of PC in BM of normal individuals and
patients with multiple myeloma. Markers that are shared
by PC, like CD38 and CD138, are used to identify PC in
both normal and patient samples (2,3). Technical and
data analysis guidelines have been published to identify
normal and abnormal PC using flow cytometry (1). There
is heterogeneity in cell surface antigen expression on nor-
mal PC (2), nevertheless differential expression of
selected surface makers form the basis for discrimination
between normal and abnormal PC. Markers expressed on
most normal PC, in addition to CD38 and CD138, include
CD19, CD27, and CD45 (4). Myeloma PC may differ from
normal PC in the expression of CD19 (5), adhesion mole-
cules like CD56 (6), Lymphocyte Function Antigen 1
(LFA-1)-1 (7) and CD44 splice variants (8), co-stimulatory
molecules like CD27 (9) and CD28 (10), and myeloid cell
associated antigens like CD33 and CD117 (11). In a
recently described statistical model, the absence of CD19
and CD27 on myeloma PC permitted a reproducible
detection of minimal residual disease (MRD) (12). These
data suggest that immunophenotype alone can provide a
reliable sensitive detection of residual myeloma PC.
Although in general this may be true, caution is advised

FIG. 1. Characterization of PC. A: PC are positive for CD38 and CD138. B: Based on CD45 expression two PC subpopulations (1 and 2) are dis-
cerned. C: PC subpopulation 1 is positive for CD19. D: PC subpopulation 2 is negative for CD19. E: PC in subpopulation 1 stain for cytoplasmic
kappa or lambda using monoclonal antibodies. F: PC in subpopulation 2 do not stain for cytoplasmic kappa or lambda using monoclonal antibodies.
G: PC in subpopulation 1 stain for cytoplasmic kappa or lambda using polyclonal antibodies. H: PC in subpopulation 2 stain for cytoplasmic lambda
using polyclonal antibodies. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure B: Plasma cells in subpopulation II stain for 
cytoplasmic lambda light chains using polyclonal 
antibodies.



Advantages of Dako’s polyclonal kappa 
and lambda reagents
–	 All of Dako’s kappa and lambda reagents are desig-

nated for use in the clinical diagnostics laboratory for 
clinical applications.

–	 The performance of polyclonal antibodies is not sus-
ceptible to mutational changes in the epitope.

–	 Polyclonal antibodies bind to multiple epitopes while 
monoclonal antibodies bind to only one epitope. 
Many polyclonal antibodies conjugated with fluore
scent chromogens render brighter signals than 
equivalent monoclonal antibodies.

–	 The use of F(ab’)2-fragmented antibodies mitigates 
non-specific binding by eliminating Fc-mediated 
binding to non-target cells. Dako’s kappa and 
lambda reagents are not whole Ig molecules but 
instead F(ab’)2 fragments.

–	 Dako’s polyclonal kappa and lambda antibodies 
mitigate lot-to-lot performance difference as each 
single reagent lot comes from an extensive pool of 
antibodies.

–	 With more than 45 years of experience within anti-
body production, Dako offers reagents of excellent 
quality.

“We have used the MultiMixTM Triple-
Color Reagent, Anti-Human CD19/
FITC + Anti-Human Lambda Light 
Chains/RPE + Anti-Human Kappa 
Light Chains/APC for the last year 
and have found it excellent for 
enumeration of kappa and lambda 
expressing B cells.

This is particularly important in the 
investigation of some lymphoprolifera-
tive disorders such as CLL where the 
expresssion of kappa or lambda may 
be very weak. 

The choice of fluorochromes for kappa 
and lambda is ideal as it utilizes bright 
fluorochromes and hence provides 
better staining than some other com-
mercial reagents. We have also found 
the premixed combination convenient 
to use in our laboratory.”
Charles Pearson, Haematology, Glasgow Royal Infirmary



Product 	 Size 	 Code
Single-Color Reagents			 
Polyclonal Rabbit Anti-Human Kappa Light Chains/APC, Rabbit F(ab’)2	 100 tests, 1 mL	 C0222 
Polyclonal Rabbit Anti-Human Kappa Light Chains/FITC, Rabbit F(ab’)2	 100 tests, 1 mL	 F0434
Polyclonal Rabbit Anti-Human Kappa Light Chains/RPE, Rabbit F(ab’)2	 100 tests, 1 mL	 R0436 
Polyclonal Rabbit Anti-Human Lambda Light Chains/FITC, Rabbit F(ab’)2	 100 tests, 1 mL	 F0435
Polyclonal Rabbit Anti-Human Lambda Light Chains/RPE, Rabbit F(ab’)2	 100 tests, 1 mL	 R0437 
	
MultiMixTM Dual-Color Reagents 			 
MultiMixTM Dual-Color Reagent, Anti-Human Lambda Light Chains/FITC + 
Anti-Human CD19/RPE	 50 tests, 0.5 mL	 FR044 
MultiMixTM Dual-Color Reagent, Anti-Human Kappa Light Chains/FITC + 
Anti-Human CD19/RPE	 50 tests, 0.5 mL	 FR048 
MultiMixTM Dual-Color Reagent, Anti-Human Kappa Light Chains/FITC + 
Anti-Human Lambda Light Chains/RPE	 50 tests, 0.5 mL	 FR481 
		
MultiMixTM Triple-Color Reagents			 
MultiMixTM Triple-Color Reagent, Anti-Human Kappa Light Chains/FITC +  
Anti-Human Lambda Light Chains/RPE + Anti-Human CD19/RPE-Cy5	 50 tests, 0.5 mL	 TC051
MultiMixTM Triple-Color Reagent, Anti-Human Plasma Cell/FITC +  
Anti-Human Lambda Light Chains/RPE + Anti-Human Kappa Light Chains/APC	 50 tests, 1 mL	 TC670 
MultiMixTM Triple-Color Reagent, Anti-Human CD19/FITC +  
Anti-Human Lambda Light Chains/RPE + Anti-Human Kappa Light Chains/APC	 50 tests, 1 mL	 TC669

EU regulatory status: CE-IVD
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Dako Denmark A/S
Denmark 
+45 44 85 95 00

Find your local distributor on:

www.dako.com

or contact 
Reagent Partnership Division at
rpsupport@dako.com

Distributors in more than 50 countries
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“The Dako kappa/lambda products are so bright that they have significantly reduced 
the number of times we have to perform intracellular Ig analysis to confirm the presence 
of restricted B-cell populations”
Jo-Anne Lemenager, Clinical Laboratory, ConVerge Diagnostic Services


