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Introduction. The hallmark of most B-cell neoplasia is proliferation of B-cells and clonal rearrangement of the immuno-
globulin gene, which is lambda or kappa light chain restricted. Since fresh tissue is not always available to determine clon-
ality, immunohistochemical (IHC) staining for kappa and lambda light chains is often performed on formalin-fixed, par-
affin-embedded (FFPE) tissue. Commercially available polyclonal antibodies typically produce high background staining 
and have a significant false negative rate, which makes it difficult to prove clonality. We developed a series of monoclonal 
antibodies to human kappa and lambda light chain constant regions by immunizing mice with purified kappa and lambda 
immunoglobulin light chains.

Materials and methods. Screening of the hybridoma populations and clone selection was performed in two steps. Pri-
mary screening was done by ELISA in plates coated with purified human kappa and lambda light chains fixed with 10% 
formalin. The positive populations were then selected by IHC staining of FFPE containing B-cell neoplasms with known 
immunophenotype.

Results. We selected eight hybridomas that produced highly specific monoclonal antibodies (mAbs) directed to the con-
stant regions of kappa (four clones) and lambda light chains (four clones). The antibodies were used for IHC staining and 
direct immunofluorescence microscopy on FFPE tissues. Plasma cell neoplasms could be stained without antigen retrieval. 
For uniform and reproducible staining of diffuse large B-cell lymphomas and some marginal zone B-cell lymphomas with 
plasmacytoid differentiation, a heat-based antigen retrieval procedure was necessary. Compared with commercial poly-
clonal antibodies to kappa and lambda light chains these mAbs demonstrated lower background staining and produced 
fewer false negative results.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
For the first time we used an innovative approach to produce and 
select novel monoclonal antibodies to human kappa and lambda 
light chains suitable for immunohistochemical staining and direct 
immunofluorescent microscopy on formalin-fixed, paraffin em-
bedded tissues. Main principal - the hybridoma initial screening by 
ELISA was performed in wells coated with kappa or lambda light 
chains and fixed with 10% formalin. Positive clones were selected 
by IHC staining of tissue microarray from FFPE tissue blocks.
The research hypothesis
By fixing the antigen used for mice immunization in ELISA plates 
with 10% formalin can prove useful to select monoclonal antibod-
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Introduction
The majority of plasma cell neoplasms and B-cell lymph-

oproliferative processes are characterized by clonal immu-
noglobulin gene rearrangement and expression of cytoplas-
mic or surface immunoglobulin with kappa or lambda light 
chain restriction.

Heavy immunoglobulin gene rearrangement can be 
demonstrated by polymerase chain reaction on forma-
lin-fixed, paraffin-embedded (FFPE) tissues although the 
procedure is time-consuming, expensive, and has a varia-
ble (65-73%) sensitivity [1, 2]. An alternative way to prove 
clonality is immunological detection of light chain restric-
tion, which is largely performed on cells in suspension by 
flow cytometric immunophenotyping or direct immunoflu-
orescence microscopy (DIFM) on frozen tissues. Since fresh 
tissue is not always available, immunohistochemical (IHC) 
staining for kappa and lambda light chains is often per-
formed on FFPE tissues [3-6]. Commercially available pol-
yclonal antibodies to human kappa and lambda light chains 
have high background and false negative rates, which makes 
it difficult to prove clonality. In addition, polyclonal antibod-
ies and the majority of monoclonal antibodies (mAbs) avail-
able on the market require digestion of tissue sections with 
proteolytic enzymes, which may alter tissue morphology 
and give false negative results due to protein over-digestion, 
particularly if specimens are poorly fixed. We report here 
a series of new mAbs to constant regions of human kappa 
and lambda light chains suitable for IHC staining and DIFM 
of FFPE tissues. Epitope enhancement was performed at a 
constant and uniform temperature in a water bath and does 
not require the use of proteolytic enzymes [7].

Materials and methods
Monoclonal antibody production
Monoclonal antibodies directed to the constant region of 

human immunoglobulin kappa and lambda light chains were 
produced by immunization of BALB/c mice with purified 
human immunoglobulin light chains (Bence Jones protein 
provided by Dr. A. Solomon from University of Tennessee, 
Knoxville, and from Bethyl Laboratories, Inc., Montgomery, 
TX) in the presence or absence of CpG oligodeoxynucleo-
tide 1826 (InvivoGen, San Diego, CA). After final boost, the 
spleens were removed and splenocytes were fused with NS1 
myeloma cells, as previously described [8]. Primary screen-
ing of the hybridoma cell lines was performed by a modified 
enzyme-linked immunosorbent assay (ELISA). In brief, the 
96-well ELISA plates were coated with 0.2 mg/well purified 
human kappa or lambda light chains fixed with 10% forma-
lin. Hybridoma cell lines secreting antibodies that would re-

act only with free kappa and lambda light chains were then 
excluded by ELISA using plates coated with purified human 
IgG (Sigma, St. Louis, MO). Positive hybridoma populations 
were selected by immunohistochemical staining of FFPE 
tissue without antigen retrieval. For this purpose, we used 
tissue microarray constructs containing multiple 3 mm tis-
sue cylinders retrieved from donor blocks of plasma cell 
neoplasms with known immunophenotype. Hybridoma cell 
lines staining plasma cell neoplasms on FFPE tissues with-
out antigen retrieval were subcloned and used for produc-
tion of ascitic fluids in mice.

Antibody purification and labeling
Monoclonal antibodies from ascites were purified by 

ion exchange chromatography using DEAE Sepharose (Sig-
ma-Aldrich, St. Louis, MO). Purified antibodies were labeled 
with Alexa Fluor 488 or R-PE by using Alexa Fluor 488 Pro-
tein Labeling Kit (Molecular Probes, Eugene, OR) and AnaT-
ag R-Phycoerythrin Protein Labeling Kit (AnaSpec, Inc., San 
Jose, CA), respectively.

Immunohistochemical staining and direct immuno-
fluorescence microscopy

4-um thick sections of FFPE tissues mounted onto plus 
slides were deparaffinized in xylene, rehydrated in graded 
alcohols, and endogenous peroxidase activity was blocked 
with 1% hydrogen peroxide in distilled water. The water 
bath (Isotemp 205, Fisher Scientific) containing the stain-
ing dish with 250 ml of epitope enhancement buffer was 
pre-heated to 97oC. The slides were immersed in the stain-
ing dish and incubated for 45 minutes. The reduction of high 
background staining on certain types of tissues (“bloody 
specimens”) was achieved by treating the tissue sections 
for 10 min with ReBlot Plus mild antibody striping solution 
(Chemicon, Temecula, CA) immediately after the epitope 
enhancement procedure. The sections were then washed 
in buffer solution (DakoCytomation, Carpinteria, CA) for 
three minutes and incubated with 30 ng/ml mAbs to kappa 
or lambda light chains for 30 minutes. After washing twice 
for 5 minutes the bound primary antibodies were detected 
with EnVision+ System-HRP from DakoCytomation (Carpin-
teria, CA) with diaminobenzidine chromogen substrate. For 
DIFM studies, tissue sections after epitope enhancement 
were incubated for 30 minutes with 70 ng/ml Alexa Fluor 
488 and/or R-PE labeled mAbs to kappa and lambda light 
chains and examined under fluorescence microscope.

Results and discussion
Production and characterization of mAbs to human 

immunoglobulin constant- region light chain isotypes. 
Our first attempt to generate mAbs by immunizing mice 
with a mixture of kappa and lambda light chains in the pres-

ies which recognize the antigenic epitopes either unaffected or minimally affected by cross-linkage of formaldehyde groups. 
The novelty added by the manuscript to the already published scientific literature 
This novel approach may prove useful in production of monoclonal antibodies to a variety of hematopoietic and non-hemato-
poietic antigens for research or diagnostic/immunophenotyping purposes.
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ence of CpG oligodeoxynucleotide 1826 (CpG ODN) as an 
adjuvant [9] failed to detect hybridoma cell lines secreting 
antibodies to kappa protein. The great majority of hybrid-
oma populations secreted antibodies to lambda protein. In 
contrast, when mice were immunized with purified kappa 
light chains without CpG ODN a large proportion of hybrido-
ma cell lines secreted antibodies to kappa protein. Since the 
main goal of this study was to generate mAbs to antigenic 
epitopes of kappa and lambda light chains either unaffect-
ed or minimally affected by formalin fixation, we utilized a 
novel strategy for screening and selection of antibody-pro-
ducing hybridoma populations. 

Primary screening was performed by ELISA in plates 
coated with kappa and lambda light chains that were fixed 
with 10% formalin after coating the wells. The rationale 
for formalin fixation was to select hybridoma populations 
secreting antibodies to antigenic epitopes either unaffect-
ed or minimally affected by cross-linkage of formaldehyde 
groups. After the first screen, approximately 120 hybri-
domas were selected from each of the kappa or lambda 
fusions. The second screen was performed to exclude hy-
bridoma populations that secreted antibodies that would 
react with variable-region subgroups, free light chains not 
associated with immunoglobulin molecules, and antibod-
ies cross-reacting with both kappa and lambda proteins. 
This goal was achieved by testing antibody reactivity with 
kappa and lambda light chains from patients with different 
variable subgroups and purified human polyclonal IgG. As 
a result, 41 hybridoma populations secreting antibodies to 
kappa (21) and lambda (20) light chains were selected for 
immunohistochemical staining of FFPE tissues without an-
tigen retrieval.

IHC was performed on sections of tissue microarray 
constructs containing nine 3 mm tissue cylinders retrieved 
from donor blocks of plasma cell neoplasms with known 
immunophenotype. By IHC we selected eight hybridoma 
populations that produced highly specific mAbs to kappa 
(4 populations) and lambda light chains (4 populations) for 
subcloning and ascites production in mice. All of the mouse 
mAbs were either of IgG1, 2a or 2b isotypes.

Immunohistochemical staining of FFPE tissues
For all IHC and DIFM studies the culture media, the mix-

ture of purified and labeled antibodies to kappa (4 clones) 
or lambda (4 clones), were diluted to a final concentration 
of approximately 30 ng/ml (IHC) or 70 ng/ml (DIFM). Stain-
ing the sections of FFPE normal tonsil without epitope en-
hancement detects primarily plasma cells located in inter-
follicular areas and submucosa (Fig. 1A). When a heat-based 
epitope enhancement procedure is used, the detection of 
plasma cells and large B-cells (transformed cells) in inter-
follicular areas is markedly enhanced (Fig. 1B). Moreover, 
a subset of large centroblasts located in germinal centers is 
also detected. The staining of small mature lymphocytes in 
mantle zones or centrocytes in germinal centers is equiv-
ocal, probably due to a low density of B-cell receptors on 
these cells.

Immunoglobulin proteins are widely present in all tis-
sues and interstitial fluid, which inevitably give high back-
ground staining and make the interpretation in some in-
stances very difficult. In the tonsil, immunoglobulins are 
also present on epithelial cell surfaces and are readily re-
vealed by IHC staining with anti-kappa or anti-lambda an-
tibodies. Since the immunoglobulins present in the intersti-
tial fluid and on epithelial surface are not an integral part of 

Fig. 1 Immunohistochemical 
staining of formalin-fixed, 

paraffin-embedded normal tonsil 
with a mixture of mAbs to kappa 

and lambda light chains. 
A – no epitope enhancement; B – heat-
based epitope enhancement. Original 
magnification 40X. C - untreated and 
treated (D) sections of the tonsil for 
10 min with ReBlot Plus mild antibody 
striping solution after epitope en-
hancement. Arrows indicate high back-
ground staining. Note attenuation of 
the mantle zone staining after striping 
procedure. Original magnification 10X.



6

Mold J Health Sci. 2024;11(4):3-9Syrbu Sergei I. et al.

Fig. 2 Immunohistochemical staining 
of plasma cell neoplasm with mAbs to 

kappa (A, C, E) and lambda (B, D, F) light 
chains.

A, B – no epitope enhancement. C-F – heat- based 
epitope enhancement. Original magnification 
40X.

cell membranes, we hypothesized that these proteins may 
be partially removed by pre-treating the tissue sections with 
stripping agents. Fig. 1C shows a normal tonsil stained with 
mAbs to kappa and lambda light chains, which demonstrate 
high background staining of the mucosal surface. Pretreat-
ment of the section for 10 min with ReBlot Plus mild anti-
body striping solution significantly reduced the background 
staining of mucosal lining without affecting the staining of 
plasma cells and large B-cells (Fig. 1D). However, it appears 
that this pretreatment attenuates staining of B-cell in the 
mantle zones.

Staining of plasma cell neoplasms with our mAbs usu-
ally does not require epitope enhancement (Fig.2 A, B) al-
though after epitope enhancement the staining is more 
uniform and intense with minimal increase in background 
staining (Fig. 2 C-F). Clonality of some B-cell neoplasms, in 
particular lymphomas composed of large cells with abun-
dant cytoplasm or plasmacytic differentiation can also be 
readily demonstrated by IHC staining. As can be seen from 
Fig. 3 A, B, lambda light chain restriction is appreciated in 

a diffuse large B-cell lymphoma (DLBCL) with plasmablas-
tic features. An example of large B-cell lymphoma with an-
aplastic features showing lambda light chain restriction is 
demonstrated in Fig. C, D. A case of angioimmunoblastic 
T-cell lymphoma associated with monoclonal expansion of 
large B-cells (immunoblasts) is shown in Fig. 3 E, F. Flow cy-
tometry immunophenotyping on cell suspension from this 
lymph node stained with our mAbs conjugated with Alexa 
Fluor 488 and R-PE revealed a kappa light chain restricted 
lymphoid population with a kappa to lambda ratio of 8:1. 
Approximately the same kappa to lambda ratio is demon-
strated on IHC staining with mAbs (Fig. 3E, F).

Direct immunofluorescence microscopy of FFPE tis-
sues

In a large portion of diffuse large B-cell lymphomas and 
in a subset of plasma cell neoplasm no immunoglobulin ex-
pression can be demonstrated by IHC. This may be due to 
a high background or lack of surface immunoglobulin on a 
large subset of diffuse large B-cell lymphomas [10, 11]. We 
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Fig. 3 Immunohistochemical staining 
with epitope enhancement of a diffuse 

large B-cell lymphoma with plasmablastic 
features

(A, B), highly pleomorphic plasma cell myeloma 
(C, D), and angioimmunoblastic T-cell lymphoma 
associated with clonal immunoblastic prolifera-
tion (E, F). A, C, E – mAbs to kappa light chain; 
B, D, F – mAbs to lambda light chain. Original 
magnification 40X.

Fig. 4 Direct immunofluorescence 
microscopy on formalin-fixed, paraffin-

embedded tissue using a heat-based 
epitope enhancement procedure.

Green fluorescence represents mAbs to kappa 
light chain labeled with Alexa Fluor 488 and in 
red fluorescence are mAbs to lambda light chain 
labeled with R-Phycoerythrin.
A. Normal tonsil stained with anti-kappa. B. 
Normal tonsil stained with anti-kappa and an-
ti-lambda. C. Diffuse large B-cell lymphoma kap-
pa light chain restricted; D. Diffuse large B-cell 
lymphoma, lambda light chain restricted. Origi-
nal magnification 60X.
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labeled antibodies to kappa and lambda light chains with 
Alexa Fluor 488 and R-PE, respectively, and used them for 
DIFM of FFPE tissues.

Staining a normal tonsil with anti-kappa antibodies 
labeled with Alexa Fluor 488 shows a lower background 
staining intensity in surface epithelium (Fig. 4A) compared 
to IHC staining (Fig. 2A). Combining anti-kappa and an-
ti-lambda antibodies clearly illustrates the polyclonal na-
ture of plasma cells and large B-cells in reactive lymphoid 
hyperplasia on the same section of the tonsil (Fig. 4B). This 
antibody cocktail was also used to demonstrate kappa (Fig. 
4C) or lambda (Fig.4D) light chain restriction in two cases 
of DLBCL.

Comparison of monoclonal antibodies with com-
mercially available polyclonal antibodies to kappa and 
lambda light chains

Twenty-two cases of known plasma cell neoplasms were 
selected from the files of the Department of Pathology, Uni-
versity of Iowa Hospitals and Clinics. All cases were stained 
at the time of diagnosis with commercial polyclonal anti-
bodies after proteolytic digestion of deparaffinized sections 
with Protease K. Seven cases were kappa and 5 cases were 
lambda-restricted, respectively; 4 cases were “indetermi-
nate” or “equivocal”; 6 cases were negative; and one case 
was very weakly positive for lambda light chain (Table 1). 
Four cases with equivocal staining had a high background 
when stained with polyclonal antibodies to kappa and lamb-
da light chains, which made the interpretation very difficult. 
Interestingly, all equivocal and 5/6 negative cases showed 
lambda light chain restriction by IHC staining with or with-
out antigen retrieval when our mAbs were utilized. Serum 
protein immunofixation electrophoresis (SIFE) on 8/9 of 
these equivocal and negative cases showed the presence of 
a monoclonal protein, either IgG- (5 cases) or IgA- (3 cases). 
For case 19 the SIFE results were unknown. Case 12 stained 
very weakly with both polyclonal and monoclonal antibod-
ies. A case of CD30-positive plasmablastic lymphoma (case 
23) was completely negative with polyclonal and monoclo-
nal antibodies to both light chain isotypes. This data sug-
gests that polyclonal antibodies to lambda light chains have 
a high false negative rate (5 out of 15 cases) compared to 
anti-kappa antibodies.

In conclusion, our new mAbs have lower false negative 
rates and lower background staining compared to com-
mercial polyclonal antibodies. In some specimens (“bloody 
tissues”) the high background staining may be significantly 
reduced by treating the sections with ReBlot Plus mild an-
tibody striping solution. It also appears that DIFM is more 
sensitive and has a lower background staining compared 
to IHC and may be used for immunophenotyping of large 
B-cell neoplasms.
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Table 1. Comparative immunohistochemical staining of FFPE tissues 
of plasma cell neoplasms with commercial polyclonal antibodies and 
monoclonal antibodies to kappa and lambda light chains
Patients PA with EE mAbs with EE mAbs without EE

anti-κ anti-λ anti-κ anti-λ anti-κ anti-λ
1 - + - + ND ND
2 - + - + ND ND
3 - - - + ND ND
4 + - + - ND ND
5 + - + - ND ND
6 + - + - ND ND
7 Ind Ind - + ND ND
8 - - - + ND ND
9 - - - + ND ND
10 - - - + - +
11 - - - + - +
12 - +/- - +/- - +/-
13 - + - + - +
14 + - + - ND ND
15 + - + - + -
16 + - + - + -
17 - + - + - +
18 Ind Ind - + - +
19 Ind Ind - + - +
20 + - + - ND ND
21 Ind Ind - + - +
22 - + - + ND ND
23 - - - - ND ND
Note: FFPE – formalin-fixed, paraffin-embedded, PA – polyclonal 
antibodies; EE- epitope enhancement; Ind – indeterminate; ND- not done; 
mAbs – monoclonal antibodies
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