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Sensitivity of PCR in detecting monoclonal B cell
proliferations
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Abstract
Aims-To evaluate the rapid detection of
various forms of monoclonal B cell proliferations by using the polymerase chain
reaction (PCR) to identify clonal
immunoglobulin heavy chain genomic
rearrangements.
Methods-Thirty four B cell lymphomas
defined by morphology, immunophenotyping, and positive immunoglobulin
heavy chain gene rearrangements detected by Southern blot analysis were examined. An additional 22 cases representing
miscellaneous lymphoproliferative and
non-lymphoproliferative disorders were
also studied.
Results-Monoclonal
rearrangements
were identified in 19 (56%) cases of B cell
lymphoma. The method was less sensitive in the detection of follicular centre
cell lymphomas (15 of 28, or 54%) than
non-follicular centre cell lesions (four of
six, or 67%). Monoclonal rearrangement was not identified in 19 control
cases, including T cell lymphomas,
Hodgkin's disease, reactive lymphadenopathy and metastatic carcinoma.
Three cases showed positive immunoglobulin gene rearrangement by PCR but
were negative on Southern blotting. Two
of these cases had definite clinical,
morphological, and immunophenotypic
evidence of monoclonal B cell proliferation suggesting that PCR could, on occasion, pick up cases missed by Southern
blotting and that the two methods are
complementary in clonal lymphoproliferative disease diagnosis. The third case
represented a "false positive" PCR reaction involving a colonic adenocarcinoma.
Conclusions-PCR analysis, using the
primer sequences outlined in this study,
will detect about 55% of clonal
lymphoproliferative proliferations with
increased sensitivity for non-follicular
centre cell lesions. With these levels of
detection in mind, this testing strategy
can still be especially useful in cases
which prove diagnostically problematic
with standard morphological and
immunophenotypic analysis, and in
instances where the quantity and type of
diagnostic material is limiting (needle
aspirates and cellular fluids).
( Clin Pathol 1993;46:624-627)

With the advent of the cloning and characterisation of the immunoglobulin heavy and
light chain genes has come the possibility of
a more sensitive approach in identifying
monoclonal B cell proliferations.' 2 Gene
rearrangement studies by Southern blotting
using immunoglobulin heavy chain (IgH) and
light chain gene probes provide evidence of
clonality and cell lineage with a sensitivity
unmatched by routine histology and
immunophenotyping. DNA analysis can
detect monoclonal B cell proliferations even
when neoplastic cells represent only 2-5% of
a mixed cell population.3
Genetic analysis using conventional
Southern blotting, however, has some major
disadvantages. The technique is expensive
and complex, requires the use of radioactive
isotopes, and the reporting turnround time,
of at least one to two weeks, greatly decreases
its value in contributing to initial patient
management. Two groups have recently and
independently described a new strategy using
PCR to amplify the V-D-J region of the IgH
gene for the differentiation of monoclonal
from polyclonal B cell proliferations.45 Both
groups used a single V region primer specific
for sequences present in most V region genes,
corresponding to the third framework region
(Fr3). The results of their initial studies compared favourably with the IgH gene
rearrangement study by Southern blot analysis. The simplicity and speed (results available in 24 hours) of the PCR technique offers
major advantages over Southern blotting as a
diagnostic aid in the routine laboratory.
To evaluate the application of the PCR
technique in the routine diagnostic workup of
a variety of lymphoproliferative disorders, a
study was undertaken to investigate the sensitivity and specificity of this method in the
detection of B cell non-Hodgkin's lymphoma.
The PCR results were correlated with the
findings of histology, immunophenotyping,
and Southern blotting gene rearrangement
studies.
Methods
A study was made of 56 cases for which DNA
from either fresh or freshly frozen tissue was
obtained. The samples included 36 lymph
node biopsy specimens, 15 bone marrow
aspirates, and five biopsy specimens or
excision of lesions in the lung (two), spleen
(one), brain (one) and colon (one). All cases
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Results
Of the 34 cases of B cell non-Hodgkin's lymphomas defined by morphology, immunophenotyping, and clonal IgH gene rearrangement
on Southern blotting, only 19 showed monoclonal rearrangements on PCR (sensitivity of
56%). The rate of positive PCR was lower in
the follicular centre cell group (15 of 28, or
54%) than in non-follicular centre cell lesions
(four of six, or 67%). The two cases that were
morphologically and immunophenotypically
consistent with B cell lymphoma but were
negative for IgH rearrangement on Southern
blotting both showed positive results by the
PCR technique. No monoclonal rearrangement pattern was seen in 19 of the 20 control
cases, including T cell lymphomas, Hodgkin's
disease, reactive lymphadenopathy and metastatic carcinoma (specificity of 95%). A single
false positive PCR result was observed in a
case of colonic carcinoma. Examples of the
PCR findings are shown in the figure.
Discussion
detection of monoclonal rearrangement
of the IgH gene by the PCR technique provides a simple and rapid method for the

The

26
._1c,126
IN

GTGACCAGGGTNCCTTGGCCCCAG
3' (VLJH). A "nested" PCR was performed
in a Perkin-Elmer Cetus Thermal Cycler
using Thermus aquaticus (Taq) polymerase
(Perkin-Elmer Cetus). The PCR reaction
mixture (100 pul) contained 02 puM of each
primer, 5 units of Taq polymerase, 08 mM of
a dNTP mix, 3mM magnesium sulphate,
16-6 mM ammonium sulphate, 10 mMfl
mercaptoethanol, and 67 mM TRIS-HCG
(pH 8 0). A first round of 25 PCR cycles was
performed using primers Fr3A and LJH. In
the second round of 20 PCR cycles Fr3A and
the internal nested primer VLJH were used.
Each PCR cycle consisted of denaturation at
94°C for 2 minutes, annealing at 60°C for 2
minutes, and extention at 72°C for 2 minutes. The final amplified product was electrophoresed on a 12% polyacrylamide gel and
visualised under ultraviolet light after staining
with ethidium bromide. Stringent laboratory
guidelines were followed during the entire
procedure to avoid DNA cross contamination
and PCR product carry-over.'0 Tubes with no
DNA template were included as negative
controls in each run.
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IgH PCR
PCR analysis ofIgH gene rearrangement. Results of 12% polyacrylamide gel
electrophoresis after PCR amplification of DNA from five cases of B cell lymphcoma (tracks
4, 5, 6, 7 and 8), two cases of reactive lymphadenopathy (tracks 3 and 9), amxd one case
of T cell lymphoma (track 2). Track 1 is a negative control in which no DNA template
was included in the reaction. Track P is marker DNA with relevant size marke,rs labelled
in base pairs along the right hand side.

differentiation of monoclonal from polyclonal
B lymphocyte proliferations. Using this
technique, Trainor et al successfully identified
19 of 23 (83%) cases of B cell lymphoma/
leukaemia.4 McCarthy et al, using a different
set of V-J primers in the PCR, detected eight
of 10 (80%) cases of B cell lymphoma.5 With
increasing experience in the use of the PCR

technique, however, McCarthy recently
reported a decrease in their positive detection
rate from the initially described 80% to 62%
(16 of 26 cases)." The test was highly specific
and no false positive reactions were found by
either group of investigators.
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had initially been studied and classified as B
or T non-Hodgkin's lymphoma, Hodgkin's
disease, reactive lymphadenopathy, or
metastatic carcinoma by routine histological
examination immunophenotyping (by either
flow cytometry or immunohistochemical
stains on frozen sections, or both), and
Southern blot analysis of the IgH and T cell
receptor f genes. Thirty four cases were B
cell lymphomas with monoclonal IgH gene
rearrangement on Southern blotting. Of these
28 were follicular centre cell lymphomas6 and
the remaining six cases were small lymphocytic lymphomas. Two additional cases had
features of B cell lymphoma on histological
examination and immunophenotyping, but
were negative on Southern blot analysis of the
IgH gene. The remaining 20 cases included
reactive lymphadenopathy (five), reactive
marrow lymphocytosis (seven), T cell lymphoma (two), Hodgkin's disease (three),
metastatic carcinoma (two), and colonic carcinoma (one).
DNA was extracted from either fresh or
freshly frozen tissue by treatment with
sodium dodecyl sulphate-proteinase K, followed by phenol-chloroform extraction, as
described before.7 The DNA extracted was
precipitated with two volumes of ethanol and
redissolved in 1mM TRIS-l0mM EDTA
buffer.
DNA was digested with the restriction
endonucleases EcoRI, HindIII, and BamHI.
The digested DNA was size fractionated by
agarose gel electrophoresis and then transferred to a nylon membrane (Gene Screen
Plus, Dupont Canada Inc.) by Southern blotting.8 The membrane was hybridised with an
a-32P-dCTP labelled probe from the J region
of the IgH gene.' After washing to a stringency of 0-1 x standard saline citrate, 0-1%
sodium dodecyl sulphate at 65°C for 30 minutes, the blot was subjected to autoradiography for one to seven days.
The PCR was performed according to the
method described by Trainor and Wan4 9 with
some modifications. The primers used were:
for the third framework portion of the V
region, 5' ACACGGC(CMT)(G/C)TGTATTACTGT 3' (Fr3A); for the J region, 5'
TGAGGAGACGGTGACC 3' (LJH), or 5'
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Our study showed positive PCR results in marrow disease as a result of lymphoplasma19 of the 34 B cell lymphomas studied, trans- cytic lymphoma. Repeated analysis of the IgH
lating to a sensitivity of only 56% in lym- locus by Southern blotting was negative while
phoma detection. This result is more in PCR showed a distinct monoclonal pattern.
It is important to realise that although the
keeping with the current experience of
McCarthy et al than with the initial reports sensitivity for case detection of B cell lymwhich claimed a detection rate of 80%. phoma by the new PCR method is much
Possible reasons for a failure of amplification lower than that of Southern blot analysis,
in some cases include suboptimal priming by because of the inherent technical problems
currently available primers which are involved in IgH gene amplification, the sensidesigned from a limited number of published tivity of detecting monoclonal B cells in a
human immunoglobulin variable region mixed lymphocyte population by PCR is simgenes, and the presence of mutation or ilar to Southern blotting in cases in which
IgH genes can be amplified. Both methods
translocation involving the IgH gene.
The finding of a lower detection rate in fol- can detect a population of 2-5% of monolicular centre cell lymphoma is particularly clonal B cells.45 The above two cases also
interesting. There is accumulating evidence show that there are instances in which the
to suggest that somatic hypermutation of the PCR method may outperform Southern blot
immunoglobulin gene variable regions occurs analysis by detecting monoclonality missed by
predominantly in follicular centre cells during the latter method, and for these reasons we
antigen driven B cell proliferation.'2 13 regard the two methods as being complemenFurthermore, continuous somatic mutation tary in the diagnosis of lymphoma. PCR
in the immunoglobulin gene is known to analysis has two additional advantages over
occur frequently in follicular centre cell lym- Southern blotting in relation to the types of
phoma.14 A reciprocal translocation between diagnostic material that can be studied. A
chromosomes 14 and 18 is a common finding PCR strategy can be used on DNA extracted
in follicular centre cell lymphoma. t(14;18) is from paraffin wax embedded fixed tissue, a
detected by cytogenetics in about 85% of fol- substrate that rarely yields DNA of sufficient
licular small cleaved cell lymphomas, while quality for Southern analysis. PCR can also
20% of diffuse large cell lymphomas show be used to good effect on diagnostic samples
molecular evidence of this translocation."5 such as needle aspirates and cellular fluids
This translocation brings the proto-oncogene which can be limiting both in terms of the
BCL2 into the IgH locus and may affect the amount and quality of cells available for
priming and amplification of the IgH gene by study.
Although previous investigators had found
the PCR procedure. Thus somatic hypermutation and molecular rearrangements unique no false positive results with the PCR
to follicular centre cell lymphomas may be method, when DNA contamination was carethe underlying cause for the difficulty in this fully excluded, we did encounter a case of
PCR amplification. It is therefore important false positive PCR involving a colonic adenofor subsequent studies to specify the yield of carcinoma.'6 We believe that the apparent
the PCR analysis according to different lym- monoclonal pattern observed in this case may
be related to a combination of a paucity of
phoma types so that this can be verified.
Two cases of B cell lymphoma, defined by lymphoid cells in the tissue sample and the
characteristic morphological, immunopheno- presence within this small number of lymphotypic, and clinical findings, were found to be cytes of a clonal reactive population.
positive on PCR but were negative on Nevertheless, the PCR method should still be
Southern blotting. The first case involved a regarded as being highly specific and the rare
59 year old woman who presented with cases of false positivity can be easily identified
acquired Cl esterase inhibitor deficiency and when the results of histology, immunohistosplenomegaly. Bone marrow examination chemistry, and immunophenotyping are conshowed patchy infiltration by small cleaved sidered together in the interpretation of the
lymphocytes consistent with metastasis by PCR results.
In conclusion, the PCR technique offers
lymphoma. Immunophenotyping of both the
peripheral blood and the marrow aspirate major advantages over the conventional
showed that 35 to 40% of the lymphocytes Southern blot analysis in terms of its simplicwere B cells (CD 19 positive) and there was A ity and rapid turnround time. It is also the
light chain restriction (K to A ratio of 1:6). method of choice for the assessment of
PCR amplification of DNA extracted from degraded or size limited samples. The major
both blood and a marrow aspirate yielded the disadvantage of this method is the low sensisame monoclonal pattern, although repeated tivity of lymphoma case detection which is
analysis by Southern blotting remained nega- only 56% in the present study. Nevertheless,
tive. Subsequently, a splenectomy was per- the use of this simple and relatively inexpenformed and DNA extracted from the spleen sive method can significantly reduce the numshowed a monoclonal IgH gene rearrange- ber of Southern blot analyses which can be
ment on both PCR and Southern blot analy- reserved for cases in which the PCR is negasis. The second case involved a 76 year old tive. Future efforts should be directed
woman with a monoclonal gammopathy (free towards optimising primer design which may
K light chains in the urine) and infiltration of subsequently permit detection of a larger prothe bone marrow by a mixture of lymphocytes portion of all types of B cell lymphoproliferaand atypical plasma cells consistent with tive disorders. Two recently published

Sensitivity ofPCR in detecting monoclonal B cell proliferations

1 Arnold A, Cossman J, Bakhshi A, et al. Immunoglobulingene rearrangements as unique clonal markers in human
lymphoid neoplasms. N Engl J Med 1983;309: 1593-8.
2 Cleary ML, Chao J. Immunoglobulin gene rearrangement
as a diagnostic criteria of a B cell lymphoma. Proc Nad
Acad Sci USA 1984;81:593-7.
3 Griesser H, Tkachuk D. Gene rearrangements and
translocations in lymphoproliferative diseases. Blood
1989;73: 1402-7.
4 Trainor KJ, Brisco MJ, Story CJ, Morley AA.
Monoclonality in B-lymphoproliferative disorders
detected at the DNA level. Blood 1990;75:2220-6.
5 McCarthy KP, Sloane JP, Wiedemann LM. Rapid
method for distinguishing clonal from polyclonal B cell
populations in surgical biopsy specimens. _J Clin Pathol

1990;43:429-34.
6 Lukes RJ, Collins RD. Immunological characterization of
human malignant lymphomas. Cancer 1974;34:
1488-99.
7 Maniatis T, Fritsch EF, Sambrook J. Molecular cloning: A
laboratory manual. Cold Spring Habor, New York: Cold
Spring Habor Laboratory, 1982.
8 Southern EM. Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J7 Mol
Biol 1975;98:503-8.
9 Wan JH, Trainor KJ, Brisco MJ, Morley AA.
Monoclonality in B cell lymphoma detected in paraffin
wax embedded sections using the polymerase chain
reaction. J Clin Pathol 1990;43:888-92.
10 Kwok S, Higuchi R. Avoiding false positives with PCR.
Nature 1989;339:237-9.
11 Hughes TP, Ambrosetti A, Barbu V, et al. Clinical value
of PCR in diagnosis and follow-up of leukemia and lymphoma: Report of the third workshop of the molecular
biology/BMT study group. Leukemia 1991 ;5:448-53.
12 MacLennan ICM, Gray D. Antigen-driven selection of
virgin and memory B cells. Immunol Rev 1986;
91:61-78.
13 MacLennan ICM, Liu YJ, Oldfield S, Zhang J, et al. The
evolution of B cell clones. Curr Top Microbiol Immunol
1990;159:37-51.
14 Cleary ML, Gaqlili N, Trela M, Levy R, et al. Single cell
origin of biogenotypic and biophenotypic B cell proliferations in human follicular lymphoma. J Exp Med
1988;167:582-9.
15 Baruchel A, Schaison G. Detection of minimal residual
disease in leukemias: a critical approach. Nouv Rev Fr
Hematol 1990;32:21-6.
16 Ling FC, Clarke C, Lillicrap D. Positive immunoglobulin
gene rearrangement study by the polymerase chain reaction in a colonic adenocarcinoma. Am J Clin Pathol
1992;98:116-19.
17 Deane M, McCarthy KP, Wiedemann LM, Norton JD.
An improved method for detection of B-lymphoid clonality by polymerase chain reaction. Leukemia
1991;5:726-32.
18 Ramasamy I, Brisco M, Morley A. Improved PCR
method for detecting monoclonal immunoglobulin
heavy chain rearrangement in B cell neoplasms. JT Clin
Pathol 1992;45:770-5.

J Clin Pathol: first published as 10.1136/jcp.46.7.624 on 1 July 1993. Downloaded from http://jcp.bmj.com/ on December 2, 2022 by guest. Protected by copyright.

methods are promising in this regard.17 18 By
using several IgH V region family specific
primers corresponding to the first,'7 (Frl) and
second'8 (Fr2) framework regions instead of a
single V region primer for the third framework region (Fr3), these authors have documented monoclonality in 94%17 and 82%18 of
B cell malignancies, respectively. One of
these strategies (that using Frl primers) is,
however, technically more complicated and
necessitates the use of a cocktail of seven different primers to achieve the level of sensitivity reported. Therefore, more experience with
the use of various primer combinations in different types of B cell proliferations is needed
before any one strategy can be regarded as
optimal for routine diagnostic purposes.
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