
 

 

Introduction 
 
The assessment of immunoglobulin (Ig) light 
chains (LC) expression by flow cytometry (FCM) 
or immunohistochemistry has been used exten-
sively in the study of lymphoid hyperplasias and 
lymphomas and light chain expression restric-
tion is a critical diagnostic element in the recog-
nition of B-cell lymphoma [1-7]. Assessment of 
Ig heavy chains (HC) expression has also been 
utilized in the diagnosis of B-cell non-Hodgkin 
lymphomas (BCL) [8-13]. However, most studies 
have been based on immunohistochemistry and 
molecular techniques involving gene rearrange-
ments of the HC variable regions. The flow cy-
tometric analysis of surface Ig HC expression 
has not been examined thoroughly in either lym-
phoid hyperplasias or as a diagnostic tool in 
BCL [14-18] 
 
In this study, we measured the levels of Ig HC 

expression in reactive lymphoid hyperplasias 
and determined the potential utility of this 
analysis in the diagnosis and classification of 
BCL. 
 
Materials and methods 
 
Patients and samples 
 
The records of our Hematopathology Laboratory 
were searched for specimens of lymph nodes 
and other lymphoid tissues, including spleen, 
and soft tissue infiltrates, submitted for routine 
diagnostic flow cytometric analysis. One hun-
dred and twenty three tissue biopsies and exci-
sions were selected. They included BCL and 
reactive lymphoid hyperplasias, in which Ig HC 
flow cytometric analysis was performed. These 
cases were diagnosed as such based on mor-
phology, immunohistochemistry, FCM, and mo-
lecular studies, if required. The lymphomas 
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were classified according to established criteria 
[19]. The research protocol was approved by the 
Institutional Review Board.  
 
Flow cytometric immunophenotyping 
 
Lymphoid tissues were received fresh and proc-
essed within 24 hours of the biopsy procedure. 
Cell suspensions were prepared by mincing the 
tissue with scalpels in RPMI medium supple-
mented with antibiotics, and filtering through a 
wire mesh screen (#80 mesh). In hemocontami-
nated samples, erythrocyte lysing was per-
formed by ammonium chloride treatment. The 
cells were then washed twice in a PBS solution 
containing 0.1% NaN3. After the final wash 
step, cells were re-suspended in RPMI medium 
(Mediatech, Inc., Manassas, VA) with 10% bo-
vine serum containing a mixture of antibiotics. 
 
Surface labeling of the cells was performed in 
albumin (Sigma Chemical Company, Saint Louis, 

MO)-precoated wells in Falcon 96-well U-bottom 
assay plates (BD Labware, Franklin Lakes, NJ). 
A comprehensive panel of antibodies was used, 
but for the purposes of this study only those 
listed in Table 1 were analyzed. The reagent 
combinations used are shown in Table 2. The 
reagent mixture was added to each microtiter 
well. For cell staining, approximately 3 × 105 
cells were added to the coated wells containing 
the diluted fluorochrome-conjugated antibody 
and incubated for 15 min on ice in the dark. 
Subsequently, the cells were washed twice with 
100 microL of phosphate buffer solution and 
were centrifuged at 500 g for 5 min and the 
supernatant was discarded. After the last cen-
trifugation and disposal of supernatant, cells 
were transferred to microtubes in a final volume 
of 250 microL of PBS and analyzed on a four 
color FACScalibur flow cytometer (BD Biosci-
ences [BD], San Jose, CA) equipped with both a 
488-nm argon laser and a 635-nm diode laser. 
Daily calibration of the instrument was per-

Table 1. Reagents used for flow cytometric analysis 
Antigen Flurochrome Clone Manufacturer 
CD19 PerCP SJ 25C1 BD 
CD20 APC L27 BD 
IgA FITC Polyclonal CAL 
IgG PE G18-145 Pharm 
IgM FITC Polyclonal CAL 
IgD PE IA6-2 Pharm 
Kappa FITC Polyclonal DAKO 
Lambda FITC Polyclonal DAKO 
IgG Goat isotype control FITC Polyclonal CAL 
IgG1 mouse isotype control PE X40 BD 
IgG2a  mouse isotype control PE X39 BD 
IgG1 mouse isotype control FITC X40 BD 
IgG2a mouse isotype control FITC X39 BD 
PerCP: Peridinin-chlorophyll-protein, APC: Protein A Phycoprobe, FITC: Fluorescein isothiocyanate, PE: Phycoprobe R-phycoerythrin 
BD: Becton Dickinson, San Jose, CA. CAL: Caltag Laboratories, Invetrogen Immunodetection, Carlsbad, CA. Pharm: BD Biosciences 
Pharmingen, San Jose, CA. DAKO; DakoCytomation, Denmark. 

 

Table 2. Reagent combinations used for flow cytometric analysis. 
Tube FITC PE PerCP APC 

1 IgG1 mouse isotype control IgG2 mouse isotype control IgG1 IgG1 

2 IgG2 mouse isotype control IgG1 mouse isotype control IgG1 IgG2 

  IgG Goat isotype control None Anti-CD19 Anti-CD20 

3 Anti-IgA Goat F(ab’)2 antihuman Anti-IgG  Mouse antihuman Anti-CD19 Anti-CD20 

4 Anti-IgM Goat F(ab’)2 antihuman Anti-IgD Mouse antihuman Anti-CD19 Anti-CD20 

FITC: Fluorescein isothiocyanate, PE: Phycoprobe R-phycoerythrin, PerCP: Peridinin-chlorophyll-protein, APC: Protein A Phycoprobe 
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formed using standardized CaliBRITE Beads 
(BD) with FACSComp Software (BD), and com-
pensation was performed using appropriately 
stained normal peripheral blood samples. The 
data were acquired using CellQuest software 
(BD). Data analysis was performed using FSC 
Express 3 (De Novo Software, Los Angeles, CA).  
 
The expression levels of IgG, IgA, IgM, and IgD 
were determined on CD20- and CD19- express-
ing B cells. In the BCL, the neoplastic B cells 
were identified on the basis of their restricted 
kappa or lambda Ig LC, or the absence of Ig LC 
expression [14, 20, 21]. In cases of partial neo-
plastic involvement, a separate analysis of 
monoclonal and polyclonal B-cells was per-
formed also based on the Ig LC expression. The 
Mean Fluorescence Intensity (MFI) for each HC 
expression in the selected B-cell populations 
was determined by calculating a ratio between 
the mean channel fluorescence for the antibody 
labeled cells (IgA, IgG, IgM, or IgD) and the 
mean channel fluorescence for the appropriate 
Ig isotype-matched controls.  
 
Statistical analysis 
 
Statistical analysis was performed using the 
Mann-Whitney test using GraphPad Prism 
(GraphPad Software, San Diego, CA).  
 
Results 
 
Sample characteristics 
 
The samples consisted of 60 reactive lymphoid 
hyperplasias and 63 BCL, which included 13 
diffuse large cell lymphomas (LCL), 16 small 
lymphocytic lymphomas (SLL), 18 follicular lym-
phomas (FL), 9 mantle cell lymphomas (MCL), 4 
marginal zone lymphomas (MZL) and 3 Burkitt 
lymphomas (BL). 
 
Immunophenotypic features 
 
Reactive hyperplasias: The Ig HC expression in 
cases of reactive hyperplasia was measured on 
B cells only. In hyperplastic cases without a 
dominant follicular component (mixed hyperpla-
sia), the B cells clustered as a single population 
(Figure 1A). In these cases, IgD and IgM expres-
sion was uniformly high whereas IgA and IgG 
expression was low in all samples (Figure 1B).  
 
In eighteen (30%) hyperplastic cases, two differ-

ent B-cell subpopulations were distinguished by 
CD20 expression (Figure 1C), a finding that re-
flects a prominent follicular hyperplasia in his-
tologic sections [22]. The discrimination be-
tween these two B-cell populations using CD20 
was not always possible using CD19, which was 
expressed more homogenously among B-cells 
and did not allow an adequate resolution of 
different B-cell types (Figure 1D). The less in-
tense CD20(+) cells correspond to the follicular 
mantle cells [22], which also express variable 
levels of CD23, dim CD5 and no CD10 (data not 
shown). On the other hand, the more intense 
CD20(+) cells that represent germinal center 
cells [22] are of larger size, as determined by 
forward light scatter signals (Figure 1C), and 
express variable but clearly detectable CD10 
and CD38 (data not shown). In these hyperplas-
tic cases with two discrete B-cell populations, Ig 
HC expression was analyzed independently on 
the mantle and germinal center cells using 
CD20 and CD10 expression as well as cell size 
as discriminators. The mantle cells showed high 
expression of IgM and IgD while IgG and IgA 
expression was much weaker or not detectable 
on these cells (Figure 1E). Although variable, IgD 
expression on the mantle cells was particularly 
intense, as clearly demonstrated in Figure 2 
while the Ig HC expression on germinal center 
cells was relatively low for all Ig classes (Figure 
1F) and difficult to measure. Thus, for compari-
son with BCL, the measurements of HC expres-
sion in these cases were obtained on the man-
tle B cells. 
 
B-cell lymphomas: In BCL, the expression of a 
dominant Ig HC was highly variable, and in 
some cases there was no detectable Ig HC ex-
pression. In general, BCL without detectable LC 
expression demonstrated lack of HC expression 
(data not shown); however, three lymphomas 
with no surface LC expression demonstrated HC 
expression as shown in the example in Figure 3.  
 
Compared with reactive lymphoid hyperplasia, 
lymphomas of all subtypes had more variable 
expression of IgM (Figure 4). IgM expression 
was significantly higher in hyperplasias than in 
SLL (P<0.001) and LCL (P<0.003), although 
some lymphoma cases in these categories 
showed equal or even higher expression than 
most of the hyperplastic samples. There was no 
significant difference in IgM expression between 
hyperplasias and other B-cell lymphoma sub-
types. When all BCL subtypes were compared, 
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Figure 1. Immunoglobulin heavy chain expression in mixed lymphoid hyperplasia (A, B) and follicular hyperplasia (C-
F). In mixed lymphoid hyperplasia, the single population of CD20 (+) B cells (A) shows uniformly high expression of 
IgM and IgD and very low expression of IgA and IgG (B). In follicular hyperplasia, two distinct populations of mantle 
cells and germinal center B cells are identified by the combined analysis of CD20 and forward light scatter (C). This 
separation between the two compartments is lost using CD19 which is expressed more homogeneously on B cells 
(D). The mantle B cells (MC) exhibit intense expression of IgM and IgD, while IgG and IgA expression is much weaker 
or not detectable (E). The germinal center cells (GC) show low expression of all immunoglobulin heavy chains (F). (IgA 
= Blue, IgG = Purple, IgM = Yellow, IgD =Red). 
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IgM expression in MCL was higher than in SLL 
(p<0.03). No significant differences in IgM ex-
pression were observed among the other BCL 
subtypes.  
 
IgD expression on B cells was different in reac-
tive lymphoid tissues compared to BCL of all 
subtypes. In the majority of cases, the expres-
sion of IgD on B cells in reactive lymphoid hyper-
plasia was significantly more intense than that 
of BCL (Figure 5). The difference in IgD expres-

sion among the BCL subtypes was not statisti-
cally significant. The differences in the level of 
IgD and IgM expression by B cells between lym-
phoid hyperplasia and BCL could also be recog-
nized in most cases by visual inspection of the 
graphical data. Two representative examples 
are shown in (Figure 6). The correlated analysis 

Figure 2. Expression of IgD and IGM by different B 
cell compartments in follicular lymphoid hyperplasia. 
IgD expression on the follicular mantle B cells (MC) is 
more intense than that of germinal center cells (GC), 
which also show low expression of IgM. (MFI: mean 
fluorescence intensity). 

Figure 3. A case of large B cell lymphoma lacking surface light chain expression but demonstrating heavy chain ex-
pression. The combined analysis of CD20 and cell size (forward scatter) demonstrates the presence of large B cells 
with bright CD20 expression (A). These large B cells lack surface immunoglobulin light chains (B; Kappa = red, 
Lambda = yellow) but express IgG heavy chain (C; IgA = Blue, IgG = Purple, IgM = Yellow, IgD = Red). 

 

Figure 4. Expression of IgM in hyperplastic lymph 
nodes and B cell lymphomas (BCL). Compared with 
reactive lymphoid hyperplasia, BCL of all subtypes 
generally display more variable expression of IgM. 
SLL, small lymphocytic lymphoma; MCL, mantle cell 
lymphoma; LCL, large cell lymphoma; FL, follicular 
lymphoma; BL, Burkitt lymphoma. MFI: mean fluores-
cence intensity.  
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of CD20 and IgD expression produced distinct 
graphical patterns, reflecting the different levels 
in expression of IgD in normal versus neoplastic 
B cells.  

For cases with partial involvement by BCL, the 
measurements of the different Ig HCs ex-
pressed were recorded exclusively for the neo-
plastic B cell populations. In six cases of BCL, 
more than one Ig HC was expressed. In such 
cases, the measurements were taken independ-
ently for each expressed HC. For purpose of 
analysis, the HC with highest MFI was selected.  
 
Discussion 
 
Soon after its introduction, the immunohisto-
chemical technique was applied to reactive and 
neoplastic processes in lymphoid tissues and 
many investigators used it to examine a spec-
trum of antigens, including Ig HCs in benign lym-
phoid tissues [23-25]. However, while these 
studies mapped out the histological distribution 
of Ig HCs, their intensity of expression could not 
be reliably measured by this method. The utiliza-
tion of FCM allowed a more objective and quan-
titative analysis of antigen expression on indi-
vidual cells in suspension [26]. Furthermore, 
this analysis could be selectively applied to sub-
sets of B cells. For instance, in cases where 
neoplastic and normal B cells coexist in a par-
tially involved lymph node, one can use cell 
markers such as CD19 or CD20 to identify and 
selectively gate the malignant and normal sub-
sets of B-cells, based upon different levels of 
CD20 or CD19 expression [27, 28]. Another 
advantage of examining individual cells in sus-
pension is that after appropriate cell washings, 
there is little, if any, interference from back-
ground (interstitial) plasma immunoglobulins as 

Figure 5. Expression of IgD in hyperplastic lymphoid 
tissues and B cell lymphomas (BCL). In reactive lym-
phoid tissues, IgD expression on B cells is signifi-
cantly more intense than that of BCL of all subtypes. 
The difference in IgD expression among BCL subtypes 
was not statistically significant. SLL: small lympho-
cytic lymphoma; MCL: mantle cell lymphoma; Mar-
ginal: marginal zone lymphoma, LCL: large cell lym-
phoma; FL: follicular lymphoma; BL: Burkitt lym-
phoma. MFI: mean fluorescence intensity. 

Figure 6. Two representative examples showing differences in IgD expression by normal and neoplastic B cells. In 
hyperplastic lymphoid tissue, the correlated analysis of CD20 and IgD expression (A) demonstrates that the majority 
of the mantle cells (arrow) brightly express IgD. Conversely, in lymphoma the neoplastic B cells (double arrows) ex-
press significantly lower level of IgD (B). Germinal center cells (black), mantle B cells (gray) and T cells (silver). 
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it usually happens with tissue sections. 
 
Using flow cytometric measurements of CD20 in 
tonsils, Gadol et al described a compartmentali-
zation of B cells in human reactive lymphoid 
processes [22]. Based on the intensity of sur-
face CD20, they demonstrated two main B-cells 
populations that corresponded to the larger 
germinal center cells, with more intense CD20 
expression, and mantle cells, with less intense 
CD20 expression. This was one of the earlier 
demonstrations of B cells heterogeneity in lym-
phoid tissues, as compared to B cells in circula-
tion, which are mostly uniform [29]. A more re-
cent study demonstrated that in reactive lym-
phoid tissues LC ratios may differ substantially 
between germinal center cells and mantle cells 
[30]. Moreover, the authors observed distinct 
clusters and skews in LC ratios that may be mis-
interpreted as evidence of lymphoma. Recogni-
tion of these differences is important in the as-
sessment of B cell changes in lymphoid hyper-
plasia and lymphomas. In our study, approxi-
mately 30% of the reactive lymphoid samples 
showed two discreet B cell populations based 
on size and CD20 intensity, a finding that is con-
sistent with the observations of Gadol et al [22]. 
We now also show differences in the type and 
level of Ig HC expression between cells in these 
two B cell compartments. 
 
Like reactive lymphoid tissues, the Ig HC expres-
sion in BCL has been mostly studied using im-
munohistochemical techniques [8-12, 31, 32]. 
Early Ig studies of BCL using immunofluores-
cence were microscope-based [33, 34], but an 
adequate Ig expression assessment was not 
possible until the advent of FCM. There is an 
extensive body of literature referring to the flow 
cytometric assessment of Ig expression in B cell 
lymphoma diagnosis, but the majority of these 
studies have focused on surface kappa and 
lambda Ig LC expression [1-7]. Very few publica-
tions have addressed the diagnostic utility of 
surface Ig HC expression in B-cell malignancies 
using FCM, and the vast majority of these stud-
ies were conducted in peripheral blood [16, 29]. 
Batata and Shen [2] showed that the expression 
of a single HC, or IgM and IgD together, is com-
plementary to LC restriction detection, and 
should be considered as a criterion in determin-
ing clonality. Shen et al [35] reported that IgM 
and IgD coexpression in B cell chronic lympho-
cytic leukemia was the most common immuno-
phenotype, while IgD(+) only was less frequent. 
A case report by Delville et al. described a bi-

clonal composite low grade BCL with a normal 
kappa/lambda ratio that expressed separate 
IgD lambda and IgM kappa clones [36].  
 
In our study, we found that Ig HC expression has 
the potential of being a useful diagnostic tool in 
lymphoid tissues suspected of harboring BCL. 
While this analysis by itself cannot determine 
the clonality of B cells, the immunophenotypic 
characteristics of the HC expression can help 
distinguishing benign (hyperplastic) from neo-
plastic proliferations. This could be of particular 
importance in situations when the morphologic 
architecture provided by histology is not avail-
able (i.e., fine needle aspirations), in case with 
partial involvement by BCL or in cases where 
there is poor discrimination between kappa and 
lambda Ig expression due to non-specific bind-
ing or to absence or low levels of expression of 
Ig LC.  
 
The most interesting and useful finding in our 
study was the difference in IgD expression in-
tensity between BCL and reactive hyperplasias. 
The majority of BCL subtypes demonstrated 
either low or no IgD expression, while reactive 
hyperplasias showed a variable, but more in-
tense, expression of IgD. These differences 
could be readily appreciated by a visual inspec-
tion of the data. The patterns created by the 
differences in the intensity of IgD expression 
may be a useful tool to complement other flow 
diagnostic findings in the discrimination be-
tween reactive and malignant B cell processes.  
 
BCL with very weak or no expression of surface 
Ig LC can pose a diagnostic dilemma. The lack 
of surface Ig light chain expression on B cells by 
itself is highly suggestive of lymphoma [14, 20, 
21]. In such cases, the expression of a single 
HC by a B-cell population could be construed as 
a marker of monoclonality, supporting previous 
suggestions [2]. Combined with other immuno-
phenotypic abnormalities often present in neo-
plastic B cells, monotypic surface Ig heavy chain 
expression, as well as the level of HC expres-
sion, could be very useful diagnostic adjuncts in 
discriminating between lymphoid hyperplasias 
and BCL, in fine needle aspirate samples, in 
cases with partial involvement by BCL and lym-
phomas with weak or no surface light chain ex-
pression. 
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