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BIOMED-2 Multiplex Immunoglobulin/T-Cell Receptor
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Replace Southern Blot Analysis in Routine Clonality
Diagnostics
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To establish the most sensitive and efficient strategy
of clonality diagnostics via immunoglobulin and Tcell receptor gene rearrangement studies in suspected
lymphoproliferative disorders, we evaluated 300 samples (from 218 patients) submitted consecutively for
routine diagnostics. All samples were studied using
the BIOMED-2 multiplex polymerase chain reaction
(PCR) protocol. In 176 samples, Southern blot (SB)
data were also available, and the two types of molecular results were compared. Results of PCR and SB
analysis of both T-cell receptor and immunoglobulin
loci were concordant in 85% of samples. For discordant results, PCR results were more consistent with
the final diagnosis in 73% of samples. No false-negative results were obtained by PCR analysis. In contrast, SB analysis failed to detect clonality in a relatively high number of samples, mainly in cases of low
tumor burden. We conclude that the novel BIOMED-2
multiplex PCR strategy is of great value in diagnosing
patients with suspected B- and T-cell proliferations.
Because of its higher speed, efficiency, and sensitivity, it can reliably replace SB analysis in clonality
diagnostics in a routine laboratory setting. Just as
with SB results, PCR results should always be interpreted in the context of clinical, immunophenotypical, and histopathological data. (J Mol Diagn 2005,
7:495–503)

In most patients with suspected lymphoproliferative disorders, discrimination between reactive and malignant
cell populations can be assessed by histomorphology or
cytomorphology supplemented with immunohistochemistry or flow cytometric immunophenotyping. However, in 5
to 10% of patients, diagnosis is more complicated and
less straightforward. In such cases, molecular gene re-

arrangement studies have proved useful as an additional
diagnostic tool. Molecular clonality analysis is based on
the fact that, in principle, all cells of a malignancy have a
common clonal origin and show clonally (identically) rearranged immunoglobulin (Ig) or T-cell receptor (TCR)
genes. The diagnosis of malignant B- and T-cell proliferations is therefore supported by the finding of Ig/TCR
gene clonality, whereas reactive lymphoproliferations
show polyclonally rearranged Ig/TCR genes.1
Gene rearrangement analysis can be performed by
Southern blot (SB)- and polymerase chain reaction
(PCR)-based techniques. Despite the high reliability of
SB analysis, it is increasingly replaced by PCR techniques because of the greater efficiency and sensitivity of
PCR. Moreover, PCR is relatively easy, less labor intensive, and requires much less high-molecular-weight
DNA. Also, SB analysis cannot be performed on paraffinembedded tissue because the isolated DNA is often
degraded. Therefore, there is a strong need to replace
SB analysis with reliable PCR techniques. However, PCR
studies have often suffered from false-negative results
due to improper annealing of primers and/or the presence of somatic hypermutation.2
Both SB and PCR analyses of the immunoglobulin
heavy chain (IGH) locus have been demonstrated to be
very useful and reliable techniques in clonality assessment of suspected B-cell malignancies. However, the
most useful gene target for identifying T-cell clonality is
less well established. In virtually all PCR studies, only the
T-cell receptor-␥ (TCRG) locus was analyzed at the DNA
level because of the relative structural simplicity of the
gene.3,4 PCR analysis of the T-cell receptor-␤ (TCRB)
locus as a diagnostic test has been performed mostly on
cDNA using V␤ and C␤ primers. Recently, the BIOMED2-based TCRB gene rearrangement analysis was evaluated in a large series of well-defined samples from immature and mature T-cell malignancies and was
demonstrated to be a very reliable assay.5 However,
these novel BIOMED-2 multiplex PCR methods for de-
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tecting B- and T-cell clonality have yet to be validated in
routine diagnostic laboratory settings.
The vast majority of lymphoid malignancies encountered in the West belong to the B-cell lineage (90 to 95%).
Even though B-cell clonality can be assessed by flow
cytometric immunophenotyping, Ig gene rearrangement
analysis is the only reliable assay for paraffin-embedded
and frozen tissue biopsies. Consequently, in many routine diagnostic laboratories, TCR gene rearrangement
analysis is applied to a smaller number of cases per year
than Ig analysis, resulting in a lower level of experience.
Because our institute is a reference center for clonality
analysis in suspected T-cell proliferations, we routinely
obtain many T-cell proliferation samples each year.
In our study, we performed a comparative prospective
study of SB-PCR Ig/TCR gene rearrangements on a series of 300 specimens consecutively obtained for routine
diagnostics. In general, SB analysis was performed with
optimized DNA probes for the IGH locus and the TCRB
locus.6,7 To determine B- or T-cell clonality by PCR analysis, we analyzed the IGH, TCRB, and TCRG genes. To
this end, we used the well-defined and fully standardized
set of oligonucleotide primers and PCR protocols of the
BIOMED-2 Concerted Action BMH4-CT98-3936.8,9 Resulting PCR products were analyzed by both heteroduplex (HD) and GeneScan (GS) analysis to evaluate the
diagnostic value of these methods.
Our results show that the BIOMED-2 PCR-based TCR
gene rearrangement analysis is more sensitive in detecting T-cell clonality than SB analysis. In instances of discordance, PCR results demonstrated agreement with histopathological diagnosis more often than SB analysis.
The higher sensitivity of PCR analysis over SB analysis
also holds for IGH gene rearrangements. Based on these
results, we discuss the most sensitive and efficient strategy of molecular clonality analysis.

Materials and Methods
Patients
From June 2001 until February 2004, 300 DNA samples
from fresh or frozen tissue samples (peripheral blood
[PB], n ⫽ 110; lymph node [LN], n ⫽ 68; bone marrow
[BM], n ⫽ 28; skin, n ⫽ 59; bowel, n ⫽ 7; liver, n ⫽ 3;
spleen, n ⫽ 1; thyroid, n ⫽ 1; vitreous fluid, n ⫽ 15;
cerebrospinal fluid (CSF), n ⫽ 3; pleural fluid, n ⫽ 2;
adenoid, n ⫽ 1; brain, n ⫽ 1; and maxillary sinus tissue,
n ⫽ 1) were prospectively collected from a total of 218
patients with suspected malignant lymphoproliferation.
Most patients were seen and followed by physicians at
the Erasmus MC, University Medical Center (Rotterdam),
especially at the Departments of Hematology and Dermatology. Diagnoses were based on a combination of
clinical, histological, immunophenotypical, and cytomorphological data. Patients diagnosed with a malignancy
were classified according to the World Health Organization classification of lymphoid neoplasms.10

DNA Isolation
High-molecular-weight DNA from fresh or frozen tissue
samples was obtained by one of two methods. In the first,
DNA was extracted using a phenol-chloroform extractionbased protocol, followed by ethanol precipitation and
re-solubilization in Tris-EDTA buffer.1 Alternatively, DNA
was isolated using the GenElute Mammalian Genomic
DNA miniprep kit (Sigma-Aldrich, St. Louis, MO) according to the manufacturer’s protocol.

Southern Blot Analysis
DNA (20 g) was digested with appropriate restriction
enzymes, size fractionated in 0.7% agarose gels, and
transferred to nylon filters as described elsewhere.1 The
Ig and TCR gene rearrangements were detected by use
of 32P random oligonucleotide-labeled probes. The
IGHJ6 probe (DakoCytomation, Inc., Carpinteria, CA)
was used for analyzing IGH genes in combination with
BglII or BamHI/HindIII digests,6 whereas the TCRBJ1 and
TCRBJ2 probes (DakoCytomation) were used for analyzing TCRB genes in combination with EcoRI, BglII, and
BamHI/HindIII digests.7 In a selected number of cases
(n ⫽ 11), the TCRG and TCR-␦ (TCRD) gene rearrangements were studied as well. For analysis of TCRG gene
rearrangements, the TCRGJ13 probe was used in combination with EcoRI and Pstl digests,11 whereas the
TCRDJ1 probe was used in combination with EcoRI digests for analysis of TCRD gene rearrangements.12 In the
case of clinical suspicion of natural killer cell lymphoma
and Epstein-Barr virus (EBV) infection, the presence of
(clonal) EBV genome was assessed using the XhoI probe
in BamHI/HindIII-digested DNA.13

PCR Amplification
All amplification reactions were performed in an automated thermocycler (model ABI 9600/9700; Applied Biosystem, Foster City, CA) according to the BIOMED-2
multiplex PCR protocol.8 Each 50-l PCR reaction included 100 ng of DNA, 10 pmol of 5⬘ and 3⬘ oligonucleotide primers, 0.2 mmol/L dNTP, 5 l of 10⫻ buffer II
(TCRB and TCRG), or 5 l of 10⫻ Gold buffer (IGH and
IGK), and 1 to 2 U of Ampli-Taq Gold polymerase (Applied Biosystems). The concentration of MgCl2 ranged
from 1.5 mmol/L (TCRB tube C, TCRG, IGH, and IGK) to 3
mmol/L (TCRB tubes A and B). The cycling parameters
were as follows: pre-activation for 7 minutes at 95°C,
followed by 35 cycles of 30 seconds denaturation at
95°C, ⬎30 seconds annealing at 60°C, and ⬎30 seconds
extension at 72°C. After the last cycle, a final extension
step of at least 10 minutes at 72°C was performed.
For amplification of IGH rearrangements, we used six
framework FR1-VH primers, seven FR2-VH primers, seven
FR3-VH primers, and one carboxyfluorescein-labeled JH
consensus primer in three multiplex combinations (IGH
multiplex tubes A, B, and C). DNA from the precursor
B-cell line NALM-6 was used as a positive control. In the
case of inconclusive IGH gene results, the samples were
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further analyzed using multiplex PCR reactions for the
Ig- (IGK) genes. For amplification of the IGK locus, we
used seven V primers, two FAM-labeled J primers, one
intron RSS primer, and one FAM-labeled Kde primer in
two combinations (IGK multiplex tubes A and B). For
amplification of TCRB rearrangements, V␤ family and
FAM-labeled J␤ primers were used in two different combinations (TCRB multiplex tubes A and B) and in one
combination containing D␤ and J␤ primers (TCRB multiplex tube C). DNA obtained from the following immature
T-cell lines was used as a positive control: RPMI-8402
(tube A), CML-T1 (tube B), and Jurkat (tube C). For
amplification of TCRG genes, we used V␥ and FAMlabeled J␥ primers in two multiplex combinations (tubes
A and B).8 Positive controls consisted of DNA from immature T-cell lines MOLT 3, RPMI-8402 (tube A), and
Jurkat (tube B). In a few cases, TCRD rearrangements
were analyzed using a single multiplex tube containing
V␦, J␦, and D␦ primers. All BIOMED-2 multiplex PCR
tubes were obtained from InVivoScribe Technologies
(Carlsbad, CA; www.invivoscribe.com). All cell lines are
available at the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (Braunschweig, Germany).
Features of these cell lines have been summarized in
detail elsewhere.14
After Ig/TCR amplification, 10 l of PCR products was
loaded on 1% agarose gels to check whether PCR products had been formed. Subsequently, PCR products
were further analyzed by heteroduplex and GeneScan
analysis (see below) to assess whether the obtained PCR
products were derived from monoclonal or polyclonal cell
populations.

Heteroduplex and GeneScan Analyses
The PCR products for HD analysis were denatured at
94°C for 5 minutes and subsequently renatured at 4°C for
60 minutes to induce duplex formation.15 Afterwards, the
duplexes were immediately loaded on 6% nondenaturing
polyacrylamide gels in 0.5⫻ Tris-boric acid-EDTA buffer,
run at ambient temperature, and visualized by ethidium
bromide staining. A 100-bp DNA ladder (Promega Corporation, Madison, WI) was used as size marker.
GeneScan analysis was performed using an automated ABI PRISM 377 fluorescent sequencer (Applied
Biosystems) for the majority of PCR products, whereas
the remaining samples were analyzed using an ABI 3100
Genetic Analyzer (Applied Biosystems). When using the
first detection method (ABI 377), 2 l of 10⫻ diluted PCR
products were mixed with 2.0 l of formamide, 0.5 l of
6-carboxytetramethylrhodamine-labeled internal standard (Genescan 500-TAMRA; Applied Biosystems), and
0.5 l of loading buffer (blue dextran). After denaturation
at 95°C for 2 minutes and cooling, 3 l of the mixture was
size-separated on a high-resolution polyacrylamide gel
and analyzed. The size and profile of the PCR products
was determined using GeneScan Analysis software v. 2.1
(Applied Biosystems).16,17
For the second method (ABI 3100), 1 l of a 5⫻ dilution
of PCR products was added to 10 l of a MilliQ:rhoda-

Table 1. Summary of Performed SB- and PCR-Based Ig/TCR
Analysis
Samples (patients)
Clonality analysis
TCR only
Ig only
Ig and TCR
Total

Multiplex PCR

SB

214 (155)
39 (30)
47 (33)
300 (218)

28 (24)
3 (3)
145 (119)
176 (146)

mine-labeled internal standard (GeneScan-500 ROX; Applied Biosystems) mixture (40:1). After denaturation at
95°C for 2 minutes and cooling, the samples were sizeseparated and detected. The size and profile of the PCR
products were determined using GeneScan Analysis
software v. 3.7.1. (Applied Biosystems). GeneScan analysis results in a Gaussian distribution of multiple peaks,
representing many different PCR products in case of
reactive lymphoproliferations but gives a single peak in
case of monoclonal lymphoproliferation. Oligoclonality is
defined as multiple peaks in a polyclonal background.

Results
We consecutively investigated 300 samples (from 218
patients) that were submitted for routine diagnostics. In
all patients a clinical diagnosis of malignant lymphoproliferative disease was initially considered. All samples
were studied by multiplex PCR-based HD and GS analysis of Ig/TCR gene rearrangements, whereas SB analysis could be performed on only 176 out of the 300 samples (Table 1). Some samples were analyzed for both Ig
and TCR clonality. Overall, 258 samples were analyzed
by PCR for T-cell clonality; of these samples, 150 were
analyzed by TCRB SB. PCR IGH gene rearrangement
analysis was performed in 87 samples, and SB analysis
was performed in 48 of these samples.
Because of our position as a reference center and our
extensive expertise on TCR gene rearrangement analysis, the focus of our study lies on T-cell clonality analysis.
SB and PCR analyses were, in principle, performed once.
In practice this means that Ig clonality was evaluated with
the IGHJ6 probe and in three different FR IGH multiplex
PCR reactions. In limited cases, additional SB and PCR
analysis of the IGK gene was performed. TCR clonality
was analyzed with two TCRB SB probes as well as with
TCRB and TCRG multiplex PCR protocols. Few samples
were studied by SB analysis for TCRG/TCRD gene rearrangements or for EBV genome and PCR analysis of
TCRD gene rearrangements. In case of doubtful or discrepant results, assays were repeated.

High Level of Concordance between SB and
PCR Ig/TCR Gene Rearrangement Studies
Of 300 samples, 176 were analyzed simultaneously by
multiplex PCR and SB analysis (Table 1). Molecular data
were concordant for TCR analysis in 127 of 150 samples
(85%), whereas Ig gene rearrangement analysis was
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Table 2.

Concordance between SB- and PCR-Based Ig/TCR
Analysis in Polyclonal and Clonal Cases
Gene rearrangement target

SB-PCR concordance
Total concordance
Polyclonal cases
Clonal cases

Ig
41/48 (85%)
25/41 (61%)
16/41 (39%)

TCR
127/150 (85%)
83/127 (65%)
44/127 (35%)

concordant in 41 of 48 samples (85%). Table 2 shows the
proportion of concordant SB-PCR results in polyclonal
and clonal cases. The finding of a monoclonal T- or B-cell
population both by SB and PCR clonality analysis
strongly suggests a clonal (probably malignant) lymphoproliferation. Polyclonal gene rearrangements in both assays are indicative of a reactive (benign) lymphoproliferation. Nevertheless, it should be emphasized that the
results of molecular clonality studies should always be
interpreted in the context of clinical, histological, and

immunophenotypical data. In 30 samples derived from
27 patients, discordances were found between multiplex
PCR and SB analysis. In all of these samples, monoclonality was demonstrated by PCR analysis, whereas
SB did not show evidence for clonal Ig/TCR gene
rearrangements.

Evaluation of TCR Clonality as Demonstrated by
PCR Analysis with Nonclonal Results Observed
by SB Analysis
In 23 samples derived from 21 patients, multiplex PCR
analysis demonstrated clonal TCRB/TCRG gene rearrangements, which were not detected by SB analysis. In
17 samples, the molecular findings correlated with the
histopathological diagnosis of malignant T-cell proliferations (74%). (For an example of histologically proven
ALCL, see Figure 1.) In the remaining samples there was

Figure 1. Skin localization of ALCL in case 4. A: Histology of ulcerating skin tumor. Skin biopsy specimen demonstrates localization of dermal infiltrate of large
cells with irregular nuclei (HE; magnification, ⫻100). Note the large hallmark cells (inset) (HE; magnification, ⫻600). B: The large neoplastic cells are strongly
positive for CD30 (magnification, ⫻200). Note the strongly stained membrane and the dot-like staining in the Golgi complex area (inset) (magnification, ⫻600).
C: The neoplastic cells also stain for CD4 (magnification, ⫻200). D: PCR-based GeneScan analysis. Bi-allelic monoclonal TCRG gene rearrangements could be
identified in skin DNA.
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Table 3.

Discordances between SB and PCR Results in Suspect T-Cell Proliferations

Case no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18†
19
20
21

Sample no.
2001-146
2001-148
2001-152
2001-162
2002-003
2002-022
2002-033
2002-047
2002-050
2002-113
2002-144
2003-022
2003-172
2003-236
2003-296
2003-245
2003-270
2004-007
2004-001
2004-004
2004-005
2004-011
2004-020

(skin)
(LN)
(PB)
(skin)
(LN)
(PB)
(LN)
(PB)
(LN)
(BM)
(BM)
(LN)
(BM)
(BM)
(PB)
(skin)
(PB)
(LN)
(skin)
(PB)
(skin)
(BM)
(LN)

SB

PCR procedure

Final clinicohistological
diagnosis*

TCRB

TCRG

TCRD

TCRB

TCRG

TCRD

LyP
AILT
T-LGL
ALCL
Peripheral T-NHL, NOS
MF
CD30⫹ CTCL
T-LGL
ALCL
T-ALL
MPD-U
AILT
T-LBL
HES
HES
MF
SS
SS
SS
Reactive
CD30⫹ CTCL
Reactive
Reactive

G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G

ND
ND
G
G
ND
ND
ND
ND
ND
ND
G
G
G
ND
ND
G
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
G
G
G
G
G
ND
ND
G
ND
ND
ND
ND
ND
ND
ND

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
P
C
C
C
P
P
C
C
C
P
C
P
P
P
P
C
P
P
C

ND
ND
ND
ND
P
ND
ND
ND
C
C
P
ND
C
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

R, rearranged; G, germline; C, clonal; P, polyclonal; ND, not done.
*AILT, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic large-cell lymphoma; CTCL, cutaneous T-cell lymphoma; HES, hypereosinophilic
syndrome; LyP, lymphomatoid papulosis; MF, mycosis fungoides; MPD-U, myeloproliferative disease, unclassifiable; PTLD, post-transplant
lymphoproliferative disorder; SS, Sézary syndrome; T-ALL, T-cell acute lymphoblastic leukemia; T-LBL, T-cell lymphoblastic lymphoma; T-LGL, T-cell
large granular lymphocyte leukemia; T-NHL NOS, T-cell non-Hodgkin’s lymphoma, not otherwise specified.
†
Case 18 was diagnosed with a CD30⫹ CTCL 10 years before.

no clear indication for a T-cell malignancy at the time of
diagnosis (Table 3).
PCR analysis of the TCR locus identified clonal gene
rearrangements in six samples derived from five patients
in whom no diagnosis of T-cell leukemia or lymphoma
could be made. Case 11 was diagnosed as myeloproliferative disease, unclassifiable. Case 14, diagnosed as
idiopathic hypereosinophilic syndrome (HES), showed
identical clonal TCR rearrangements in the BM and PB
samples by PCR analysis. Immunophenotyping of the PB
sample demonstrated a small T-cell population (0.3% of
leukocytes) with an aberrant phenotype (CD3⫺/CD4⫹/
CD5⫹). It has been shown that in some HES patients,
abnormal monoclonal T cells can be found in PB.18 –21
However, in the literature so far, no clonal T-cell populations identical to the one in PB have been detected in BM.
Further research should reveal the meaning of the clonal
T-cell population in BM. Because patients diagnosed with
idiopathic HES and associated clonal T-cell populations
are at risk of developing T-cell lymphoma,19,22,23 careful
follow-up is required in this case. Case 18 was admitted
to our hospital in 1994 and was diagnosed with CD30⫹
cutaneous T-cell lymphoma. Although the patient was
clinically healthy without any signs of relapse, the PB
sample demonstrated monoclonal TCRB rearrangements
in 2004. The PCR analysis on the paraffin-embedded skin
tissue sample from 1994 demonstrated weak clonal
TCRB rearrangements, identical to the ones found in the
PB sample 10 years after presentation. We strongly recommend follow-up of this patient as well. A skin relapse of
an ALCL was diagnosed in case 20. Staging resulted in

the detection of weak clonal TCRB gene rearrangements
in the BM sample, not identical to the ones found in the
skin. Flow cytometry and histopathology did not demonstrate localization of malignant lymphoma. Finally, case
21 was diagnosed as reactive lymphadenopathy after
extensive immunohistochemical and flow cytometric
analysis of the LN sample.

Evaluation of Ig Clonality as Demonstrated by
PCR Analysis with Nonclonal Results Observed
by SB Analysis
In seven samples derived from six patients, multiplex
PCR analysis demonstrated clonal B-cell populations that
were not detected by SB analysis (Table 4). IGH monoclonality was detected in the LN sample of case 27, who
suffered from human immunodeficiency virus and EBV
infection. The histopathological diagnosis of B-posttransplantation lymphoproliferative disorder-associated
disease was made from the LN sample (Figure 2). This
polymorphic B-cell lymphoproliferative disorder also occurs in immunodeficient states outside the posttransplant
setting and comprises 5% of human immunodeficiency
virus-associated lymphomas. Most cases have clonally
rearranged IGH and IGK genes with the TCRB gene in the
germline configuration as found by SB analysis.24 In addition, TCR oligoclonality was detected in the sample by
PCR analysis (Figure 2). Although SB analysis of the IGH
locus did not provide evidence for malignancy, the presence of a clonal EBV genome in the LN sample was
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Table 4.

Discordances between SB and PCR Results in Suspect B-Cell Proliferations

Case no.

Sample no.

22
23
24
25

2001-125 (skin)
2001-170 (PB)
2002-011 (BM)
2002-096A (LN)
2002-096B (BM)
2002-122 (skin)
2003-242 (LN)

26
27†

Final clinicohistological diagnosis*
Dermatitis
MM
Reactive
DLBCL
DLBCL
DLBCL
B-PTLD

SB

PCR procedure

IGH

IGK

EBV

FR1

FR2

FR3

IGK

G
G
G
G
G
G
G

ND
ND
ND
ND
ND
G
G

ND
ND
ND
ND
ND
ND
R

C
C
C
C
C
C
C

C
C
C
C
C
C
C

C
C
P
C
C
P
C

ND
ND
ND
ND
ND
C
ND

G, germline; R, rearranged; C, clonal; P, polyclonal; ND, not done.
*DLBCL, diffuse large B-cell lymphoma; MM, multiple myeloma.
†
Case no. 27 was diagnosed with a PTLD-associated disease (HIV and EBV positive) and demonstrated oligoclonal TCR rearrangements in the LN
sample by PCR analysis (Figure 2).

identified by SB analysis (data not shown). In four of the
other six samples, the IGH PCR results agreed with biopsy histology and immunophenotypical analysis. All together, five of seven (71%) B-cell proliferations showed
concordant PCR and histology results.
The two remaining samples were diagnosed as reactive lesions after extensive histopathological evaluation.
In the skin sample of case 22, a weak monoclonal gene
rearrangement was detected by PCR analysis. On histopathological examination, the lymphocytic infiltrate almost exclusively contained T cells. This case was discussed in the Dutch Cutaneous Lymphoma Working
Group, and a diagnosis of dermatitis was made. The
small amount of polyclonal B cells in the cutaneous infiltrate might explain the finding of (oligo)clonal IGH gene
rearrangements.25,26 Although a weak clonal IGH gene
rearrangement was detected in the BM sample of case
24 by PCR analysis, immunophenotyping only detected a
reactive plasma cell population, and no abnormal B cells
were seen by cytomorphological evaluation.

Discussion
We evaluated a group of 218 patients with an initial
suspicion of lymphoproliferative disorders to estimate
whether the newly designed primers and PCR protocols
of the BIOMED-2 Concerted Action method could reliably
replace SB analysis in a routine diagnostic setting. A total
of 300 DNA samples was analyzed by two PCR-based
strategies (HD and GS analysis), whereas a series of 176
DNA samples were analyzed by both SB and PCR analyses. The fact that SB analysis could not be performed in
124 samples further stresses the need for reliable PCR
assays. When the SB and PCR approaches were compared and related to the final diagnosis, PCR and SB
results of both T- and B-cell clonality analyses were concordant in 85% of samples.
In those samples in which the SB-PCR results were
discordant, the PCR results appeared to correlate with
the histopathological diagnosis in 22 of 30 cases (73%).
Although PCR analyses showed unconfirmed clonal results in 27% of cases in comparison with the SB analysis,
the number of false-negative SB results in cases of true
malignancy was unexpectedly high. Further research
and follow-up should estimate the meaning of small

clonal T- or B-cell populations in nonmalignant cases as
determined by PCR-based techniques. Most recently, the
BIOMED-2-based primers and protocols were studied in
a series of ⬃100 well-defined samples of reactive lymphoproliferations, and (oligo)clonality was detected in
10% of cases (A.W. Langerak, unpublished data).
Based on our research and published reports, we
strongly recommend careful follow-up of nonmalignant
cases with clonal lymphoproliferations, because Ig/TCR
clonality might be an early sign of an underlying hematological malignancy. Frequent clinical and histological
follow-up on PB, BM, or LN samples is required. This
might result in diagnosing patients in early stage disease,
thus favoring prognosis and survival. The detection of
identical T- or B-cell clones in a tissue sample and in PB
is of great importance in staging lymphoid malignancies
and is of prognostic relevance.27–30 It should, however,
be noted that the finding of (oligo)clonality might not
always be clinically significant. (Oligo)clonal T-cell populations can be detected in PB of the elderly,31,32 in
patients diagnosed with autoimmune diseases, and in
patients with viral infection.33 In cutaneous T-cell lymphoma, the detection of an identical monoclonal TCR
gene rearrangement in skin and extracutaneous tissues
has been proven to be an independent prognostic marker.34,35 In addition, detection of the same clonal gene
rearrangements in multiple skin biopsy specimens at the
time of diagnosis may provide prognostic information
related to disease progression.36 Therefore, if possible,
we recommend studying multiple (parallel) samples from
multiple suspect localizations at initial disease presentation. In addition, follow-up samples should be evaluated
when disease progression is suspected.
The detection of a clonal B- or T-cell population can
facilitate diagnosis in patients in whom clinical, histopathological, and immunophenotypical findings are
consistent but not entirely typical of a malignant lymphoproliferation. The importance of accurate molecular
clonality diagnostics is supported by the fact that the
current diagnostic criteria for patients with SS and T-LGL
leukemia include the presence of a clonal TCR gene
rearrangement in PB.37,38
The BIOMED-2 multiplex PCR approach is a rapid and
reliable procedure that is far more sensitive than SB
analysis in detecting clonality in suspect lymphoprolifera-
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Figure 2. Polymorphic B-cell PTLD-associated disease in case 27. A: Histology of LN. There was no recognizable lymph node architecture (HE; magnification, ⫻200).
There were numerous blasts (inset) (HE; magnification, ⫻600) intermingled with an infiltrate of smaller lymphocytes. B: EBER-ISH showed scattered positively stained
nuclei, indicating the presence of EBV RNA (magnification, ⫻400). C: CD3 staining of the predominantly small T cells. Occasionally, larger cells stained positively
(magnification, ⫻400). D: CD20 stained the majority of the large blasts. Note the numerous mitotic figures (arrows) (magnification, ⫻400). E and F: PCR-based GeneScan
analysis of LN DNA. Oligoclonal TCRB gene rearrangements could be identified (E), whereas a monoclonal IGH gene rearrangement was detected (F).

tions. The final clinico-histopathological diagnosis correlates well with PCR results in a higher number of patients
in comparison with SB results. Therefore, it seems that

the “gold standard” of SB analysis can now be reliably
replaced in a routine laboratory setting. Essentially, this
not only holds true for Ig clonality analysis but also for
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Table 5.

Clonality Detection Rate of Different Targets in PCR-Based Ig/TCR Clonality Assessment
TCR

IGH

Clonality (%)
Per target

FR1

FR2

FR3

FR1⫹2⫹3

TCRB

TCRG

TCRB ⫹ TCRG

94
(31/33)

88
(29/33)

55
(18/33)

100
(33/33)

87
(103/119)

86
(102/119)

100
(119/119)

TCR clonality assessment, as demonstrated in this study.
There was no difference in clonality detection rate between TCRB and TCRG gene rearrangement analysis,
whereas the combined analysis clearly showed additional value. We detected the highest number of clonal
IGH gene rearrangements when using multiplex combination A and B (FR1 ⫹ FR2 primers) (Table 5), but the
combined information from all three FR PCR reactions
resulted in a higher number of clonal cases. Although SB
IGH gene rearrangement analysis remains a reliable and
helpful additional test, the PCR approach is strongly preferred. The finding of polyclonal IGH gene rearrangements by PCR analysis in case of strong suspicion of a
B-cell malignancy would indicate performing additional
PCR-based IGK analysis. In two cases of our series,
analysis of the IGK locus was of additional value. We
detected clonal IGK gene rearrangements in a case of

follicular lymphoma and a case of cutaneous B-cell lymphoma, whereas polyclonal gene rearrangements were
found on IGH analysis. In case of T-cell clonality diagnostics, our TCRB/TCRG protocols are superior to SB analysis of the TCRB locus. The latter, however, may still be a
valuable test under certain conditions.
In conclusion, both HD and GS are reliable techniques
with completely concordant results. Because of its enhanced speed, accuracy, and interpretation, GS analysis
is slightly favored over HD analysis. Based on our current
results and extensive experience with TCR gene studies
in general, we now propose a flowchart that demonstrates the most efficient and sensitive strategy in detecting T-cell clonality (Figure 3). This strategy holds true for
fresh or frozen tissue samples and may be applicable to
paraffin-embedded tissue samples, provided that DNA
quality is such that PCR products of ⬃300 bp can be
amplified.
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