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The clonal determination of B-cell lymphoprolifera-
tive disorders by immunoglobulin heavy chain (IgH)
rearrangement by polymerase chain reaction (PCR) is
widely used. However, few attempts have been made
to detect immunoglobulin k light chain (Igk) gene
rearrangement using PCR. We studied 145 cases of
B-cell neoplasms, along with 58 atypical and 18 reac-
tive lymphoproliferative disorders, using newly de-
signed degenerate oligoprimers recognizing the
framework 3 (FR3k) and the joint (Jk) regions of the
Igk gene. PCR products were analyzed on nondena-
turing polyacrylamide gel (ndPAGE). Clonal B-cell de-
termination was further investigated using IgH rear-
rangement and t(11:14) or t(14:18). By combining
these methods, we detected either clonality or trans-
location in 117 of 137 cases (85%) in mature B-cell
neoplasms. The additional analysis of Igk rearrange-
ment improved sensitivity from 66% to 85%. To in-
vestigate whether the Ig gene configuration could be
characterized using Igk PCR in B-cell neoplasms
showing severe breakdown of genomic DNA, 18 se-
lected cases were analyzed. Successful amplification
was detected in 72% of the cases using either FR3/2-JH
and/or FR3Jk oligoprimers. Finally, clonality was de-
tected in 21 of 58 atypical B-cell proliferations, and
among them, the atypical marginal cell (54%) and

atypical large cell (50%) proliferations showed the
highest frequency of clonal immunoglobulin gene
products. We concluded that PCR/ndPAGE analysis of
Igk is a sensitive, rapid, and efficient method for
assessing clonality in conjunction with IgH and spe-
cific translocation analysis. This approach is particu-
larly useful in the characterization of B-cell lympho-
proliferative disorders in archival material with poor
preservation of the genomic DNA. (Am J Pathol
1999, 155:355–363)

The characterization of immunoglobulin (Ig) gene rear-
rangement has become an important and crucial step in
the diagnosis of B-cell lymphoid malignancies. The clonal
rearrangements of Ig heavy chains (IgH) and Ig light
chains (IgL) in B-cell disorders provide excellent markers
for molecular analysis.1,2 For the past 10 years, Southern
blotting has been widely used to detect clonality.3–5 Re-
cently, however, polymerase chain reaction (PCR) has
gradually replaced this approach and has become in-
creasingly accepted as the primary method for detecting
Ig clonality.6,7 As compared to Southern blotting, PCR
has the advantage of high sensitivity, low cost, fast turn-
around time, and technical simplicity. Furthermore, be-
cause small DNA fragments are the targets of PCR, this
approach has been successfully applied in the study of
formalin-fixed and paraffin-embedded tissue samples.
Even in severely damaged archival material, PCR can still
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detect fragments smaller than 200 bp and identify clonal
Ig gene products.8,9

Several groups have established PCR-based method-
ologies for the detection of IgH rearrangement.9–15 Most
of the methods were designed using oligonucleotides
recognizing FR2 and FR3 fragments of variable regions
of the IgH and expanding to the joint regions. However,
even using multiple oligoprimers, the overall sensitivity
ranges between 50% and 80%, and at least 20% of
neoplasms remain undetected. To overcome this diffi-
culty, some investigators have used heavy chain family-
specific oligoprimers that recognize either leader or
framework 1 regions (FR1) of Ig heavy and light chains to
increase the sensitivity.16,17 However, this method has
several disadvantages. It amplifies larger fragments and
is often not successful in poorly preserved formalin-fixed
and paraffin-embedded material. Furthermore, it requires
multiple pairs of oligoprimers and more complex
gels.18,19 Although, because of these technical difficul-
ties, this approach is not practical for routine clinical
usage, it has been used to study k light chain Ig (Igk) and
lambda light chain Ig (Igl) gene rearrangements. How-
ever, most of these studies have been based on a small
number of cases, and the overall findings were not suffi-
cient for establishing whether this approach can be rou-
tinely applied in clinical diagnostic settings.20–22

Igk gene rearrangement analysis is a powerful tool for
establishing the clonal nature of B-cell disorders. During
B-cell differentiation, the Igk gene locus undergoes rear-
rangement after IgH. In the case in which functional k
chain products are not obtained, the Igl locus subse-
quently undergoes rearrangement.23–25 Studies have
shown that in all Igk1 and in a very large majority of Igl1
B-cell malignancies, either productive or nonproductive
Igk products are formed. Finally, only a small subset of
Igl1 B-cell neoplasms show biallelic deletions of the Igk
variable region (17%) or Igk in germline configuration
(2%).5,26 Therefore, the rearranged genomic products of
Igk represent an excellent marker for B-cell clonal anal-
ysis. We have designed universal FR3k and Ig k light
chain joint region (Jk) primers that expand the hypervari-
able complementary determined region 3 (CDR3) of Igk
chain. This single pair of degenerate oligoprimers should
be able to recognize the large majority of all Ig k light
chain variable region (Vk) members within the six differ-
ent families of the k gene. Our primers amplify short
products ranging from 126 to 144 bp, and, using a nd-
PAGE, the polyclonal and monoclonal patterns are well
detected. The addition of Igk analysis to the IgH and
specific translocation assays allows the detection of more
than 80% of mature B-cell neoplasms.

Materials and Methods

Patients and Cell Lines

A panel of 221 well-characterized specimens consisting
of 32 follicle center lymphomas (FCLs) (including small,
mixed, and large cells), 35 mantle cell lymphomas
(MCLs), 24 B-cell chronic lymphocytic leukemias/small

lymphocytic lymphomas (CLLs/SLLs), 24 marginal zone
B-cell lymphomas (MZBCLs) (including nodal, extran-
odal, and splenic marginal zone B-cell lymphomas), 22
diffuse large cell lymphomas (DLCLs), eight B-cell acute
lymphoblastic leukemias (B-ALLs), 18 reactive lymphoid
proliferations (RLPs), and 58 atypical lymphoid prolifera-
tions (ALPs) were included in this study. All of the sam-
ples were clinical cases routinely examined in the Hema-
topathology/Molecular Pathology Laboratory of the New
York University Medical Center from 1995 to 1998, in the
Department of Pathology of Leuven University, Belgium,
or in the Department of Anatomical Pathology of Torino
University, Torino, Italy. They were all classified using
conventional clinical and histopathological criteria in ac-
cordance with the REAL classification.27 ALPs included
cases in which histological and/or immunohistochemical
findings did not allow a definite distinction between a
malignant and a reactive process. The ALPs were sub-
categorized according to the predominant cell type (mar-
ginal zone, mantle, follicle center, or plasma cells, etc) or
to morphology (large, small, or mixed cells) when no
predominant cell type was recognized. Only cases in
which the amplification of control gene p53 was success-
ful were selected. Reactive tonsil tissues were used as a
polyclonal control. Several B- and T-cell lymphoma or
leukemia cell lines and Epstein-Barr virus (EBV) immor-
talized cell lines were used as positive and negative
controls. The cell lines included CB33, UH10.1, and RD
(EBV immortalized B-lymphoblastoid cell lines28), Karpas
299 (anaplastic large cell lymphoma cell line, a gift from
Dr. Lorenzana), CEM, and Jurkat (T-cell lymphoblastic
leukemia cell lines; ATCC, Rockville, MD). Patient sam-
ples with known t(11:14) and t(14:18) translocations were
used as positive controls for Bcl-1 and Bcl-2 gene rear-
rangement analyses.

DNA Sample Preparation

Genomic DNA was extracted from cryopreserved mono-
nuclear cell suspensions, frozen tissue blocks, or forma-
lin-fixed and paraffin-embedded archival tissue blocks.
The frozen tissue samples were digested overnight
(55°C) in the digestion buffer (10 mmol/L Tris-HCl, 400
mmol/L NaCl, and 2 mmol/L EDTA) in the presence of 200
mg/ml of proteinase K solution as previously described.9

The proteinase K was then heat inactivated (95°C for 10
minutes). Samples were centrifuged (15 minutes at
12,000 rpm), supernatants were collected, and DNA con-
centration was measured. In selected cases, DNA was
extracted with phenol/chloroform and precipitated. For
DNA obtained from archival formalin-fixed, paraffin-em-
bedded tissue, one to three 5-mm-thick tissue sections
were cut and collected in microfuge tubes. Tissues were
deparaffinized with xylene (three times) and then ex-
tracted with 100% ethyl alcohol. Specimens were then
processed as described above for fresh tissue samples.

Polymerase Chain Reaction Analysis

Ig gene rearrangement products were amplified by PCR,
using oligonucleotides that were synthesized by the sol-
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id-phase triester method (GeneLink, Thornwood, NY). Igk
gene rearrangement was analyzed by PCR using oligo-
nucleotides recognizing the Igk FR3 region (FR3k: 59-
TTCAG{C/T}GGCAGCGG{A/G}TCTGGG-39; codon 62–
68) and Igk joint region (Jk: 59-CA{G/C}CTT{G/T}GTC
CC{C/T}TGGCCGAA-39; codon 98–104). Two hundred
nanograms of genomic DNA was subjected to PCR am-
plification in the presence of PCR buffer A (250 mmol/L
deoxynucleoside triphosphates (dNTPs), 50 mmol/L KCl,
10 mmol/L Tris-HCl (pH 9.0), 1.2 mmol/L MgCl2, 0.1%
Triton X-100, 20 pmol of each oligonucleotide, and 2.5 U
of Taq DNA polymerase) using a touchdown PCR (dena-
turing cycle of 95°C for 3 minutes followed by 4 cycles of
15 seconds at 94°C, 1 minute at 64°C, 1 minute at 72°C,
4 cycles of 15 seconds at 94°C, 1 minute at 62°C, and 1
minute at 72°C, followed by 30 cycles of 15 seconds at
94°C, 1 minute at 60°C, and 1 minute at 72°C, with a final
extension at 72°C for 10 minutes) performed on an auto-
mated heat block (DNA Thermal-Cycler; Perkin-Elmer
Cetus, Norwalk, CT). The PCR products were subse-
quently mixed with an equal amount of running buffer
(98% formamide, 10 mmol/L EDTA, 0.025% xylene cya-
nol FF, 0.025% bromophenol blue), denatured at 95°C for
3 minutes, incubated on ice for 15 minutes, and loaded
onto a 6% nondenaturing polyacrylamide gel (ndPAGE)
(MiniProtein II System; Biorad, Hercules, CA) in 13 TBE
buffer (90 mmol/L Tris-borate, 2 mmol/L EDTA). Samples
were electrophoresed at 90 V at room temperature for 30
minutes. Gels were then stained with ethidium bromide
and photographed under ultraviolet light.

ndPAGE is optimal in facilitating the resolution of ho-
moduplex/heteroduplex bandings in detecting Igk
clonality. This technique was originally developed to eval-
uate the phylogeny in evolution29 and was subsequently
found to be an excellent tool for the study of Ig gene
clonality.30,31 Under a cycle of denaturation and renatur-
ation of the PCR products, the DNA of monoclonal prod-
ucts will perfectly match each other and form a uniform
double-stranded population. This population is com-
posed of a single homoduplex population and appears
as a distinct single band on ndPAGE. On the other hand,
after the denaturation and renaturation cycle, each dou-
ble-stranded product of polyclonal population will form a
heteroduplex with a varying degree of mismatch. The
mismatch alters the conformation of every double-
stranded DNA, and this heteroduplex population appears
as a smear on ndPAGE, which also has slower mobility
compared with the homoduplex population.

To investigate the sensitivity of PCR/ndPAGE in detect-
ing clonal Igk rearrangement, serially diluted genomic
DNAs obtained from fresh cells of a patient with B-cell
chronic lymphocytic leukemia (B-CLL) (.95% tumor B
cells) were mixed with the genomic DNA of a reactive
tonsil. A large population of polyclonal B cells ($50%)
exists in the tonsil tissue, and together with remaining T
cells, better mimics the subpopulation of the polyclonal
reactive B cells within any putative B-cell clonal popula-
tion.

Heavy chain Ig gene rearrangement products were in-
vestigated using genomic DNA (200 ng) in the presence of
specific oligonucleotide primers recognizing the human

IgH variable region FR 2 (FR2a: 59-TGG{A/G}TCCG{A/C}
CAG{G/C}C{G/A/C}{C/T}C{A/C/G/T}GG-39; codons 36–42)
or FR3 (FR3a: 59-GGTGGATCGATGAATTCTTACACGG
C{C/T}{G/C}TGTATTACTGT-39; codon 86–92) and univer-
sal joint region oligonucleotide primers (JH-770: 59-ACCT-
GAGGAGACGGTGACC-39 or JH-33: 59-GGATGGTACC
AAGCTTTGAGGAGACGGTGACCA-39; codon 109–115).9

DNAs were amplified in the presence of buffer A (FR2) or
buffer B (FR3) (same as buffer A, except with 1.5 mmol/L
MgCl2). The mixture was overlaid with mineral oil and sub-
jected to one cycle of 3 minutes at 94°C, followed by 35
cycles of 15 seconds at 94°C, 1 minute at 57°C (FR2/JH) or
58°C (FR3/JH), and 1 minute at 72°C, followed by a final
extension of 7 minutes at 72°C. PCR products were size
fractionated on alkaline 2.5% (FR2 products) or 3% (FR3
products) agarose gels by electrophoretic separation, al-
lowing the detection of PCR fragments of 237–288 bp or
86–120 bp for FR2/JH and FR3/JH regions, respectively.
The majority of clonal IgH cases showed a pattern with a
single, distinct band. This set of oligoprimers was rarely
able to successfully amplify the products derived from the
rearrangements of both alleles (two bands). A smear was
considered as a polyclonal pattern, and nonamplification
was interpreted as negative.

The presence of the t(11:14) and t(14:18) transloca-
tions was studied by PCR as previously described.32,33

The expected t(11:14) or t(14:18) products were of vari-
able sizes because of the different translocation break-
points, ranging from 200–350 bp and 200–250 bp for
Bcl-1 and Bcl-2, respectively.

p53 amplification was used as a positive control to
determine whether the sample DNA was suitable for PCR
analysis. The gene amplification product of p53 spanning
exons 8 and 9 (approximately 450 bp) is 150–300 bp
larger than IgH or Igk products; therefore it is ideal to
indicate the quality of genomic DNA preservation. The
p53 genomic region was amplified using oligonucleotide
p53-8–5 (59-TATCCTGAGTAGTGGTAATC-39) and p53-
9–3 (59-AAGAAGAAAACGGCATTTTG-39).34,35 To evalu-
ate the ability of detecting clonal immunoglobulin gene
rearrangements in poorly preserved DNA specimens, an
additional 18 B-cell neoplasms of various categories (four
DLCLs, four FCLs, one CLL/SLL, one MCL, two MM/PLs,
six unclassifiable) with negative p53 control gene ampli-
fication were selected and subjected to the evaluation of
IgH FR2, IgH FR3, and Igk FR3 rearrangements.

In all of the experiments, samples of genomic DNA
from monoclonal neoplastic B cells, normal or reactive
lymph nodes, reactive tonsil tissue, and T-cell leukemia
were included as positive and negative controls. In ad-
dition, mixtures without a template were included as a
negative control to exclude a potential contamination.

Single-Strand Conformation
Polymorphism Analysis

Single-strand conformation polymorphism (SSCP) analy-
sis was accomplished according to an adapted version
of a previously reported method.34 Briefly, PCRs were
performed with 100 ng of genomic DNA, 10 pmoles of
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each primer (FR3k and Jk), 2.5 mmol/L dNTPs, 1 mCi of
[a-32P]dCTP (New England Nuclear) (specific activity,
3000 Ci/mmol), 10 mmol/L Tris (pH 8.8), 50 mmol/L KCl,
1 mmol/L MgCl2, 0.01% gelatin, and 0.5 U Taq polymer-
ase, in a final volume of 10 ml. Thirty cycles of denatur-
ation (94°C), annealing (63°C), and extension (72°C)
were performed on an automated heat block. Four micro-
liters of reaction products was mixed with an equal vol-
ume of the stop solution (50 ml of 0.1% sodium dodecyl
sulfate and 10 mmol/L EDTA), denatured (5 minutes,
95°C), and loaded onto a 6% acrylamide-TBE gel con-
taining 10% glycerol. After electrophoresis, the gels were
fixed, air dried, and autoradiographed as previously de-
scribed.34

Results

k Light Chain Ig Gene Rearrangement by PCR

Ig gene rearrangement analysis using PCR has become
a common practice in the characterization of human lym-
phoproliferative disorders. This approach is performed
using oligonucleotide primers recognizing a relatively
highly conserved region of the IgH. Considering that the
amplification of small genomic fragments is successful
even in poorly preserved material and the analysis of
CDR3 segments is highly informative of Ig gene rear-
rangement products, we designed a new set of oligonu-
cleotide primers recognizing the FR3 region of all mem-
bers of the six Ig k variable (Vk) families and the k joint
region (Jk).

Because of the relatively small number of amino acids
generating the Igk CDR3, the absence of diversity re-
gions of these segments, and small number of members
of these gene families, the overall length range of k CDR3
is considerably less heterogeneous (126–144 bp) than
that seen in the case of CDR3 of IgH.20,36,37 Thus, routine
agarose gel electrophoresis identifies clonal products
relatively poorly and cannot differentiate between small
polyclonal and monoclonal products, both of which usu-
ally appear as a single band (Figure 1A). On the other
hand, when the VJk products are resolved by high-reso-
lution ndPAGE, the polyclonal and clonal products are
easily detected. The monoclonal pattern appears as a
distinct single band (approximately at 120 bp), running
faster than polyclonal products. Polyclonal products are
represented by a uniform smear ranging from 120 to 150
bp (Figure 1B). To confirm the presence of clonal prod-
ucts identified using ndPAGE, selected cases were also
characterized by SSCP analysis (Figure 1C). Our results
showed 100% concordance between ndPAGE and SSCP
(data not shown) .

Using this approach in the category of mature B-cell
malignancies, Igk clonal products could be detected in
52% of the cases (Table 1). The highest yield was ob-
tained in MCLs and B-cell CLLs/SLLs (66% and 63%,
respectively). The lowest frequency of Igk rearrangement
was observed in B-ALLs (13%). This low frequency is
largely due to the absence of IgL rearrangements in the
early stage of B-cell differentiation.23 Finally, Igk mono-

clonality was also detected in 12% of atypical B-cell
proliferation. No clonal bands were observed in reactive
cases.

The sensitivity of PCR/ndPAGE in detecting clonal Igk
rearrangement was analyzed by the serial dilution
method. After gel electrophoretic separation, a distinct
PCR fragment could be identified in dilutions up to 0.5 3
1023, which represents 0.05% of the total DNA (Figure 2).

Detection of B-Cell Clonality Using
Multiapproach PCR

All cases were also evaluated by PCR analysis for clonal-
ity in the IgH region. Moreover, the t(11:14) and t(14:18)
translocation products of MCLs and FCLs, respectively,
were also analyzed (Table 1). Using two pairs of oli-
goprimers expanding the IgH CDR2 and CDR3 regions,
we detected clonality in 66% of mature B-cell neoplasms
overall (data not shown). FR3/JH detected slightly more
cases (50%) than did FR2/JH (42%). Among individual
categories of tumors, the highest rate of clonality was
observed in MCLs and DLCLs for FR2/JH (57% and 55%,
respectively) and in MZBCLs and MCLs for FR3/JH (63%
and 60%, respectively).

Our study shows that, in mature B-cell neoplasms, the
combination of Igk and IgH rearrangement analysis in-
creased the positive rate to 85% overall as compared to
IgH PCR alone (66%). In particular, using this multiple
PCR approach, we have detected the highest frequen-
cies of clonality, among mature B-cell neoplasms, in
MCLs (94%), FCLs (88%), and B-CLLs/SLLs (88%).

Identification of B-Cell Clonality in Poorly
Preserved Tissue Samples

In routine molecular laboratory practice, very often the
source of DNA is limited to fixed and paraffin-embedded

Figure 1. Detection of Igk gene rearrangement. Genomic DNA from human
B cell lines (lane 1, CB33; lane 2, RD), reactive tonsil (RT) (lane 3), and
patient samples (CLL, MCL, FCL, MZBCL, RLP) was subjected to PCR ampli-
fication of FR3Jk regions and analyzed with 3% agarose gel (A), ndPAGE (B),
and SSCP (C). A: Polyclonal and monoclonal patterns were not discriminated
on 3% agarose gel and appeared as single bands. Instead, the polyclonal and
monoclonal populations were well separated on 6% ndPAGE. B: The poly-
clonal pattern appears as a clear smear, and the monoclonal pattern shows a
distinct single band (approximately at 120 bp). C: The clonality detected
using ndPAGE/gel was confirmed by SSCP analyses.
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materials. Frequently, these tissue samples show poor
preservation of the genomic DNA and the amplification of
large DNA fragments is impaired. To investigate whether
shorter PCR products allow the characterization of poorly
preserved materials, a total of 18 archival samples of
B-cell neoplasms, which showed no amplification of the
p53 control gene (450 bp), were analyzed by IgH and Igk
rearrangements. Six cases showed Igk amplification, and
eight cases showed IgH FR3 amplification. Only one
case showed amplification of IgH FR2 products. The
overall amplification frequency was 72%. Among 13 am-
plified cases, seven displayed a monoclonal band with
either IgH or Igk rearrangements (54%). Because Igk
and IgH FR3 gene products are substantially smaller than
that of the p53 control gene, it is reasonable to conclude

that even in poorly preserved tissue, these smaller frag-
ments are still well maintained and allow successful Igk
and IgH FR3 amplifications (Table 2).

Identification of B-Cell Clonality in Atypical
Lymphoproliferative Disorders and
Reactive Nodes

Based on the high frequency of detection of B-cell clonal-
ity in lymphomas by our multi-IgH and Igk approach, we
decided to investigate the presence of clonal B-cell pop-
ulations among those cases in which the neoplastic B-
cell nature cannot be established by pure morphology
and/or immunohistochemistry. Not only do these atypical
lymphoproliferations represent a diagnostic dilemma;
their biological features remain unclear. A total of 58
cases of B-cell ALPs were studied. Clonal PCR products
were detected in seven and 15 cases using Igk and IgH,
respectively, representing a total of 21/58 (36%) cases
(Tables 1 and 3). Among single histological categories,
atypical monocytoid and atypical large cell proliferations
were most likely to show clonal rearrangements (54% and
50%, respectively). In comparison, we also studied 18
lymph nodes with reactive processes. A single case
showed a monoclonal IgH (FR3) rearrangement, but
none showed a Igk rearrangement. Review of the clinical
findings demonstrated that the patient had a history of
CLL, althought this could not be recognized in the nodal
histology.

Table 1. PCR Detection of Immunoglobulin Gene Heavy and Light Chain Rearrangements in Lymphoproliferative Disorders

Diagnostic categories

IgH FR2 IgH FR3 Igk Bcl-1/Bcl-2 Overall*

p/t % p/t % p/t % p/t % p/t %

Mature B-cell neoplasms
FCL 7/32 22% 13/32 41% 13/32 41% 7/32 22% 28/32 88%
MCL 20/35 57% 21/35 60% 23/35 66% 11/35 31% 33/35 94%
CLL/SLL 11/24 46% 14/24 58% 15/24 63% n/a n/a 21/24 88%
MZBCL 7/24 29% 15/24 63% 9/24 38% n/a n/a 18/24 75%
DLCL 12/22 55% 6/22 27% 11/22 50% n/a n/a 17/22 77%
Total 57/137 42% 69/137 50% 71/137 52% n/a n/a 117/137 85%

Immature B-cell neoplasm
B-ALL 4/8 50% 2/8 25% 1/8 13% n/a n/a 5/8 63%

Nonneoplastic
ALP 9/58 16% 13/58 22% 7/58 12% n/a n/a 21/58 36%
RLP 0/18 0% 1/18 5% 0/18 0% n/a n/a 1/18 5%

p/t, Positive/total cases; % Pos, frequency of positivity.
*Overall cases that show at least one clonal gene rearrangement product using Ig or Bcl-1/Bcl-2 PCRs.

Figure 2. Detection of the sensitivity of the Igk gene rearrangement. DNA
from monoclonal B cell (CLL) was serial diluted (0.5, 0.5 3 1021, 0.5 3 1022,
0.5 3 1023, 0.5 3 1024, 0.5 3 1025 mg/sample) with DNA from a reactive
tonsil and subjected to FR3Jk PCR amplification. PCR products were sepa-
rated using 6% ndPAGE. A distinct PCR band could be identified in the
dilution up to 0.5 3 1023, which represented 0.05% of the total DNA.

Table 2. Effect of Immunoglobulin Heavy and Light Chain Rearrangement in Formalin-Fixed and Paraffin-Embedded Tissue

Gene segment
No

amplification
Monoclonal

pattern
Polyclonal

pattern
Overall*

amplification

p53 control gene 18 0 0 0
IgH FR2 17 1 0 1
IgH FR3 10 3 5 8
IgL Jk 12 4 2 6

Total (18) 5 (28%) 7 (39%) 6 (33%) 13 (72%)

*Overall number of cases that could be successfully amplified using FR3, and/or FR2, and/or Jk.
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To investigate the potential evolution of ALPs, the re-
lationship among clonal PCR products obtained from
different tissue samples in the same patients with that
histological diagnosis was evaluated. This was done by
PCR and SSCP analysis in eight individuals who had
sequential biopsies. In two patients identical clones were
detected in sequential biopsied samples by IgH or Igk
analysis (data not shown).

Discussion

The CDR3 region of Igk contributes the greatest variabil-
ity within the VJk segment. This variability is largely due to
the juxtaposition of VJ regions and the addition of P and
N nucleotides.36,38 The high degree of variability of the
CDR3 region of Igk is an ideal target for separation of
polyclonal and monoclonal products.20,37 Thus we de-
signed a single pair of degenerate oligoprimers spanning
the k CDR3 segment. This oligoprimer pair has the ad-
vantage of a single amplification, and hence is a simple
and rapid approach in daily clinical practice. As com-
pared to the IgH locus, Igk does not contain a diversity
(D) region resulting in less diversity in k VJ than the heavy
chain VDJ segments. To facilitate the resolution of the
banding in detecting Igk clonality, we used nondenatur-
ing polyacrylamide gel to analyze the FR3Jk products.
This approach offers several advantages: 1) ndPAGE
allows the discrimination of a relatively less heteroge-
neous population of DNA products; 2) when compared
with other high resolution gels, ndPAGE gel has the ad-
vantage of small size, simplicity of assemblage, short
running time (30 minutes), and economy. In our experi-
ence, the banding pattern in ndPAGE is similar to the
patterns of other studies that used a more complex gel
(DGGE, TGGE, etc).39,40 Offermans et al41 tested TCR
gene rearrangement by both denatured and ndPAGE
gels. They found that compared to DGGE, ndPAGE was
a relatively simple and rapid procedure with high sepa-
ration potential. In our experience, ndPAGE is excellent in
the separation of FR3Jk monoclonal and polyclonal prod-
ucts.

Many PCR-based studies have been performed to
characterize light chain immunoglobulin gene rearrange-
ments in normal and neoplastic B-cells, using either
genomic DNA21,22 or cDNA42–45 as templates, and k
leader or FR1 oligoprimers, in conjunction with Jk- or

Ck-specific primers. When successful, these approaches
allow the amplification of the entire VJk products. How-
ever, they require multiple oligoprimers to recognize dif-
ferent members of the six Vk a families. Thus their routine
utilization in the clinical laboratory may not be feasible.
Moreover, the identification of predominant clonal light
chain products, using family-specific oligoprimers, may
be difficult in those cases in which the neoplastic cells
represent a minority compared to the normal polyclonal
B-cell population. One can envision that, in this scenario,
the utilization of fluorescently labeled oligoprimers and
automatic DNA sequencing may be applied successfully,
as in the case of heavy chain Ig and b-T-cell receptor
(b-TCR) gene rearrangement analyses.46–49 Alterna-
tively, because the CDR3 regions of light chain Ig are
sufficiently diverse, oligoprimers spanning the CDR3 re-
gion should be quite informative and allow the identifica-
tion of clonal B-cell populations. The data recently ob-
tained from Shiokawa et al50 and the findings described
in this study clearly demonstrate that this approach can
be successful in the analysis of clonal B-cell processes
when either Ig light messenger signals50 or gene rear-
rangement products are evaluated.

We have studied a panel of 221 well-characterized
B-cell lymphoproliferative processes by using Igk and
IgH rearrangements. Among 137 cases of mature B-cell
malignancies, using Igk alone, 52% cases showed
clonality, and none of 18 cases of reactive B-cell prolif-
erations did. Although the analysis of the clonal B-cell
lymphoproliferative disorders by Igk identified a percent-
age of monoclonal cases similar to that identified by IgH
FR3, by combining the two methods, the yield in each
category of mature B-cell malignancies did significantly
increase from 66% to 85%. In the analysis IgH rearrange-
ments, we obtained frequencies similar to those obtained
by other investigators, which showed a higher positive
rate in IgH FR3 than FR2.9,51,52 As expected, in the
immature/precursor B-cell malignancy category (B-cell
ALL), the effect of Igk is less prominent (13%). This is
most likely due to the early lineage development of the
B-ALL.23,25

Toward this end, multiple attempts have been made to
improve the overall rate of detection of clonal B-cell lym-
phoproliferative disorders. In particular, the utilization of
DGGE gels, SSCP, and fluorescently labeled oligoprim-
ers has allowed the identification of clonal B-cell products
in a greater percentage of cases, even when a single set
of oligoprimers has been used.46,47 On the other hand,
the utilization of agarose gels and a single universal JH
primer may be responsible for the lower sensitivity seen
in our study. One also should consider that our data are
derived from the analysis of routinely analyzed clinical
cases. These cases were often investigated on a molec-
ular level because a definitive diagnosis could not be
easily achieved by routine morphology/immunohisto-
chemistry due to their complexity (ie, small number of
tumor cells associated with a large population of benign
B-cells, etc). The fact that unselected cases were used in
this study may explain the overall lower sensitivity of
single pair oligoprimers (FR3-JH). However, we believe

Table 3. Detection of Immunoglobulin Gene Rearrangement
in Atypical Lymphoproliferative Disorders

Diagnostic categories

IgH and/or Igk

p/t %

Atypical marginal cell proliferation 6/11 54%
Atypical follicular proliferation 3/13 23%
Atypical plamacytoid infiltration 0/1 n/a
Atypical small cell infiltration 2/7 29%
Atypical large cell infiltration 3/6 50%
Atypical mixed cell infiltration 7/20 35%

Total 21/58 36%
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that these examples are more representative of a realistic
clinical practice.

The sensitivity of the Igk assay was studied by a DNA
serial dilution method. We used tonsil tissue as a poly-
clonal control, which in our opinion is an appropriate
control and is superior to genomic DNA of T-cell lines.9

The tonsil normally contains polyclonal cell populations
composed of large numbers of polyclonal B cells ($50%)
as well as T cells. This better represents the background
cell population of clinical specimens. Using this ap-
proach, clonal Igk bands can be detected in up to 0.5 3
1023 dilution (dilution of 0.05%), a sensitivity equal or
close to that of the semi-nested approach. This high
sensitivity may be due to the fact that FR3Jk products
were characterized by ndPAGE.

Since the increasing acceptance of the PCR as the
primary method in gene rearrangement analysis, numer-
ous studies have been made of formalin-fixed and par-
affin-embedded archival tissues. Most of these studies
demonstrated a similar frequency of positive rate in fresh
and archival materials by using short PCR amplification
fragments (less than 200 bp). Relatively good results can
be achieved even in decalcified bone marrow tissues by
using a semi-nested PCR approach.9,17,21,53 We also
evaluated the effect of Igk amplification on poorly pre-
served tissue material. All of the cases were formalin-
fixed and paraffin-embedded tissues that showed severe
breakdown of genomic DNA. Despite this limitation, in
72% (13/18) of cases amplification of short Ig products
was successful, and, combining Igk and IgH FR3 gene
analysis, we were able to detect 54% clonality in seven of
13 cases. This percentage is relatively lower than that
demonstrated in ideal samples; however, it allows the
detection of a considerable fraction of B-cell neoplasms,
even when only poorly preserved tissue is available.

Prior studies have shown that optimal oligoprimer se-
lection for clonality assessment by PCR may be neces-
sary to obtain the highest sensitivity. Interestingly, unique
sets of primers may be used as a first choice. In low-
grade13 or intermediate to high-grade15 lymphoprolifera-
tive disorders and in follicular lymphomas14 oligoprimers
recognizing consensus VH-FR3 and major/minor Bcl-2
cluster regions, respectively, should be applied as a first
choice. However, with the utilization of a single set of
primers, a variable but typically large subpopulation of
clonal positive cases remains undetected, and “reserve
sets” are necessary. Based on these studies and our
present data, we propose a new algorithm. Specifically,
samples should first be subjected to the analysis of VH-
FR3/JH. Then all negative cases should be characterized
using VK-FR3/Jk PCR, followed, if necessary, by VH-
FR2/JH and Bcl-1/bcl-2. Finally, the remaining negative
cases might be studied using VH-FR1 and/or VL-FR1
oligoprimers. If correctly applied, this new algorithm can
be a very powerful screening tool. In this way, the utiliza-
tion of Southern blot analysis can be limited to the small
proportion of PCR-negative cases and to further identifi-
cation of unique entities among B-cell lymphoproliferative
disorders (c-myc in endemic/sporadic Burkitt’s lympho-
mas, bcl-1 minor cluster region in MCL, etc).

Atypical B-cell lymphoproliferative disorders often rep-
resent a diagnostic dilemma, and their malignant poten-
tial is usually undetermined. This results in difficult ther-
apeutic choices: often clinicians are obliged to simply
follow up these patients to discern those individuals who
will evolve into a bona fide B-cell neoplasm. To solve
some of these issues, we studied a large panel of atypical
disorders (58 cases), using our multiPCR approach. In-
terestingly, monoclonality was detected in a relatively
large number of patients (36%). Among these clonal
cases, atypical marginal cell proliferations were the most
frequently encountered category, which comprised 54%
of total cases, followed by atypical large cell prolifera-
tions (50%). The possible neoplastic evolution of ALP was
further studied by evaluating IgH and Igk clonality in
eight patients who had undergone sequential biopsies at
several-year intervals. Two of these patients showed
identical clones, which strongly suggested the neoplastic
nature of the original lesions.

The frequent positivity of Ig gene rearrangement in
atypical marginal and large cell proliferations reveals the
high degree of uncertainty in the histological diagnosis of
these processes and therefore the importance of gene
rearrangement studies. However, clonal PCR products in
atypical proliferation only demonstrate the presence of
clonal B-cell populations, but their nature and biological
features are uncertain. In fact, these populations may
simply represent the oligoclonal and/or clonal expansion
of abnormal but not fully transformed cells. In these
cases, an immunological deregulation may be operation-
al.54 On the other hand, we may be facing a different
scenario, in which a fully transformed clone may be
present. In this second scenario, the neoplastic popula-
tion may represent only a minority of the cells without
major architectural effacement. It is impossible at present
to distinguish these two different possibilities, a particu-
larly important issue in view of the different clinical ther-
apeutic approaches that can be visualized. Obviously, in
the first case, the pharmacological modulation of the
immunological imbalance would be the most appropriate
approach, whereas in the second case, a more aggres-
sive therapeutic intervention would be favored.

In conclusion, our study demonstrated that the unique
approach of combined IgH and Igk gene rearrangement
analysis, along with a highly sensitive ndPAGE method, is
a useful tool in the routine clinical laboratory assessment
of B-cell clonality. Using a single pair of primers to detect
k light chain rearrangement on ndPAGE is a sensitive,
simple, and cost-effective method as an adjunct to IgH
analysis. Owing to the short amplification products in
FR3Jk fragments, it is an ideal tool for analyzing poorly
preserved formalin-fixed and paraffin-embedded mate-
rial, which is most frequently available in routine clinical
laboratory practice.
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