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Abstract

Human lymphomas are aggressive malignant diseases, which can be categorized based on their B and T cell lineage. B-cell lymphomas form around 90% of the total
lymphoma cases, the remnants of malignancies arise from the T cell branch. Lymphomas are mostly characterized as clonal proliferations of specific tumor cells. The
detection of malignant lymphomas are extensively investigated by their morphological features, immunohistochemistry and flowcytometric immunophenotyping,
but in some of cases remained unknown. The BIOMED-2 protocols were used to determine the clonality of /GH gene rearrangements in patients with lymphoma. PCR
amplification was performed on FFPE of 50 patients with B-cell lymphoma, which consisted of 11 cases with HLs, 25 cases of B-NHLs and 14 cases of B-LPD (lym-
phoproliferative disorders) that diagnosed as unclassifiable lymphoma. The rate of positive clonality was detected in 96% (24/25) of B-NHLs, whereas in 4% (1/25) of
cases clonality was showed in a polyclonal pattern. In B-HLs, 82% (9/11) of cases showed clonality and 18% (2/11) of the cases showed polyclonality. The rate of positive
clonality observed in 64.3% (9/14) of cases with B-LPD and 35.7% (5/14) of cases clonality was not detected in any of immunoglobulin gene family (FR1sFR2 s FR3).
In groups with DLBCL, clonality was detected in 95% (19/20) of the cases. In patients diagnosed with FL and MALTs 100% cases showed clonality for complete /GH.
Our study revealed that EuroClonality BIOMED-2 protocols could be considered as a valuable and reliable method for clonality detection, especially in IGH analysis.

Key words: BIOMED-2, Clonality, DLBCL, HL, IGH, LPD, NHL.

Introduction

Human lymphomas are aggressive malignant di-
seases, which are categorized according to their B and
T cell etiologies. Whilst the B cell subtype makes up
around 90% of all lymphomas, the remnant malignan-
cies originate from T cells (1). Based on the World
Health Organization (WHO) lymphoproliferative disor-
ders (LPD) classification, lymphomas are characterized
into two groups; Hodgkin’s lymphoma (HL) and non-
Hodgkin’s lymphoma (NHL) (2). In humans, B-cell
differentiation is coordinated with the expression of
particular antigen surface receptors called immunoglo-
bulins (Ig). These molecules are multi-dimeric proteins
which contain two indistinguishable heavy chains (H)
and two identical light chain: kappa (k) or lambda ()
polypeptides, which are linked by disulfide bonds (3).
Throughout the B-cell development process, all the
genes which are responsible for encoding of the Ig and
T-cell receptors (TCR), originate from the gremlin and
are created by alternating segments of DNA (4). These
gene segments consist of particular configuration of the
V (variable), D (diversity), J (joining) and C (constant)
regions, which when rearranged, sequentially mediate
the V (D) J recombination procedure (5). During lym-
phoid differentiation, a vast assortment of antigen re-
ceptors is generated arbitrarily through the deletion or

Copyright © 2014. All rights reserved.

insertion of nucleotides at various binding sites. (6). As
B-cell lymphomas are resulted from a particular neo-
plastic lymphocyte cell, the malignant cells of approxi-
mately all lymphoid tumors enclose one or multi clo-
nal Ig gene rearrangements. Heterogeneity in Ig gene
rearrangements refers to the existence of polyclonality,
contradictory, the identical rearranged Ig genes; mirror
monoclonal tumor cells (7). Lymphomas are mostly
characterized as clonal proliferations of specific tumor
cells. The detection of malignant lymphomas are largely
evaluated by their morphological features, immunobhis-
tochemistry, and flow cytometric immunophenotyping
(8). However, different circumstances such as samples
with unclear characteristics, minimal residual diseases
(MDR) and miscellaneous lesions render themselves
indistinguishable with the aforementioned conventional
analysis (9). In addition, identifying the special features
of LPD remains a significant challenge. Routinely, mor-
phological features along with immunopathological as-
sessments are now the principle of diagnosis in neoplas-
tic lymphoma, whereas, the availability of BIOMED-2
protocol further enhances our ability to diagnose and
classify lymphoid malignancies. Furthermore, clonality
assays of Ig gene rearrangement would be a valuable
method for obtaining access to the accurate diagnosis
of LPD (8). Currently, the BIOMED-2 multiplex PCR
methods, based on clonality assays, are being widely
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Table 1. BIOMED-2 multiplex primer mixes for /GH (frame work I, II, III) clonality assay.

IGH: FRs (VH-JH)

Forward (5'-3')

Reverse (5'- 3')
JH-FRs

CTTACCTGAGGAGACGGTGACC

VH-FRs
vV, -FRI GGCCTCAGTGAAGGTCTCCTGCAAG
V,,-FRI GTCTGGTCCTACGCTGGTGAAACCC
V,-FRI CTGGGGGGTCCCTGAGACTCTCCTG
Vv, -FRI CTTCGGAGACCCTGTCCCTCACCTG
V, -FRI CGGGGAGTCTCTGAAGATCTCCTGT
V,-FRI TCGCAGACCCTCTCACTCACCTGTG
Vv, -FRII CTGGGTGCGACAGGCCCCTGGACAA
V,,-FRII TGGATCCGTCAGCCCCCAGGGAAGG
V,-FRII GGTCCGCCAGGCTCCAGGGAA
V,-FRII TGGATCCGCCAGCCCCCAGGGAAGG
V,-FRII GGGTGCGCCAGATGCCCGGGAAAGG
vV, -FRII TTGGGTGCGACAGGCCCCTGGACAA
vV, -FRII TGGATCAGGCAGTCCCCATCGAGAG
V,,-FRIII TGGAGCTGAGCAGCCTGAGATCTGA
V,,-FRIII CAATGACCAACATGGACCCTGTGGA
V,-FRIII TCTGCAAATGAACAGCCTGAGAGCC
V,,-FRIII GAGCTCTGTGACCGCCGCGGACACG
V, -FRIII CAGCACCGCCTACCTGCAGTGGAGC
v, -FRIII GTTCTCCCTGCAGCTGAACTCTGTG
V,,-FRIII CAGCACGGCATATCTGCAGATCAG

applied in the diagnosis of suspected lymphoprolifera-
tive disorders (LPD) (8). This study was undertaken to
employ clonality analysis of /GH gene rearrangements
in the diagnosis of lymphoproliferative disorders.

Materials and methods

Samples collection

In this study, we enrolled a total number of 50 cases
with malignant lymphoma which were referred to the
department of pathology at Tabriz Imam Reza Hospi-
tal between 2010 and 2012. All the patients were eva-
luated by pathologists in terms of clinical parameters
and conventional methods to verify existence of the
malignant disorders. We performed clonality assays on
formalin-fixed, paraffin embedded (FFPE) tissues in 11
cases (7 male and 4 female) diagnosed with HL, twenty
cases (17 male and 3 female) with diffuse large B-cell
lymphoma (DLBCL), three cases (2 male and1 female)
with mucosa-associated lymphoid tissue (MALTs) and
two cases (2 male) with follicular lymphoma (FL). In
addition, we assessed fourteen cases (10 male and 4
female) with an unclassifiable lymphoma, which were
categorized as Lymphoproliferative Disorders (LPD).

DNA extraction

Initially, all of the FFPE samples were deparaffinised
with xylene, washed with two dilutions of ethanol and
incubated overnight with proteinase K (20 mg/ml) for
tissue digestion. We then extracted DNA according to
the salting-out method (10). The extracted DNA from
FFPE tissues was assessed using spectrophotometer
(260/280 nm using the Nano-DropTM ND-1000, Nano-
Drop Technology, Wilmington, DE, USA) to ensure the
purity and concentration of the DNA. The average DNA
samples had DNA concentration and OD260/280 ratios
250 ng/pl (ranging between 300-850 ng/ul) and 1.85.
Samples with PCR products larger than 300 bp were

Copyright © 2014. All rights reserved.

applied as suitable and less than 300 bp were excluded
for gene rearrangement clonality analysis. In addition,
for the quality assessment of the DNA samples, we
used control genes, which were proposed in the BIO-
MED-2 guideline (8). In order to validate monoclona-
lity results and avoid pseudoclonality (non-reproducible
clonal rearrangements), all samples were assessed two
times. We used a gold standard multiplex PCR protocol
(provided by European Biomedicine and Health (BIO-
MED-2) Concerted Action Project BMH4-CT98-3936)
for improvement of diagnosis and analysis of clonality
gene rearrangement in lymphoma malignancies.

PCR-Amplification for IGH Gene Rearrangements

PCR amplifications were carried out in a final vo-
lume of 25ul reactions including150-200ng of genomic
DNA, 2x master mix red with 0.2 Units/ul Ampligon
Taq DNA polymerase [Ampliqon A/S, Stenhuggervej
22, Denmark] and one picomole for each primer accor-
ding to the BIOMED-2 protocol. The target reactions
for /IGH gene arrangement assays included three reac-
tions targeting IGH (V _F,-J), IGH_ (V F -] ) and
IGH_(V,F,-T_(Table 1).

Rearrangement assays of the target genes (three fra-
mework regions; FRI, FRII and FRIII) were amplified
with the following PCR conditions: initial denaturation
for 10 minutes at 95°C, followed by 35 cycles of 95°C for
30 seconds, 60 °C for 30 seconds and finally 72°C for 90
seconds. Before the end of the amplification cycles, a fi-
nal extension step was performed at 72°C for 10 minutes.
We used clonal control genes was used according to the
proposed BIOMED-2 protocols in each run of the PCR
amplification (InVivoScribe Technologies,SanDiego,CA,
USA).

H

Heteroduplex analysis
For heteroduplex analysis, initially, the PCR products
were denatured at 95°C for Sminutes and subsequently
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Table 2. Gene rearrangement analysis on patients with lymphoid malignancies to detect clonality and polyclonaliity.

DIAGNOSIS/IGH FRI1 FR2 FR3 FRI1+FR2 FR2+FR3  FRI+FR3  FRI+FR2+FR3
DLBCL 420 (20%)  8/20 (40%)  7/20 (35%)  12/20 (60%)  15/20(75%)  11/20(55%) 19/20(95%)
FL 1/2 (50%) 0% 1/2 (50%) 1/2 (50%) 1/2(50%) 2/2(100%) 2/2(100%)
MALT 1/3 (33%) 0% 23 (66.6%)  153(33%)  2/3(66.6%)  3/3(100%) 3/3(100%)
HL 0% 411 (36%)  5/11(45%)  4/11 (36%)  9/11(82%) 5/11(45%) 9/11(82%)
LPD 114 (7%)  5/14(35.7%)  3/14Q21%)  6/14(43%)  8/14(57%)  4/14(28.5%) 9/14(64.3%)
TOTAL n=50 7/50(14%)  17/50(34%)  18/50(36%)  24/50(48%)  35/50(70%)  25/50(50%) 42/50(84%)

DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; MALT, mucosa-associated lymphoid tissue lymphoma; HL, Hodgkin

lymphoma; LPD, Lymphoproliferative disorders .

incubated at 4°C to generate homoduplex. Next, the PCR
products were immediately loaded on an 8% non-dena-
turing polyacrylamide gel, run at room temperature and
visualized by silver nitrate staining. The observation
of one or two bands within the expected size (between
310-360bp for FRI, between 250-295bp for FRIIL, and
between 100—170 bp for FRIII) indicated clonality, while
polyclonality patterns were revealed as rough smear in
the gel (11).

Results

Gene rearrangement analysis revealed clonality in
96% (24/25) of B-NHLs, while a single case showed po-
lyclonaliity (4%) (Table 2). In B-HLs, 9 out of 11 (82%)
cases showed clonality for complete /GH whereas 2 out
of 11 (18%) cases showed a polyclonal pattern. Positive
clonality was observed in 9 out of 14 (64.3%) cases of B-
LPD whereas in the rest of the 5 cases (35.7%), clonality
was not detected in any of the immunoglobulin gene fa-
mily (FR15FR2 s FR3) and showed a polyclonal pattern.
In the DLBCL group, clonality was detected in 19 out of
the 20 (95%) cases for complete /GH. Four (20%) cases
showed clonality for FR1, eight (40%) cases for FR2
and seven (35%) cases for FR3). In patients diagnosed
with FL. and MALTs, 100% of cases showed clonality for
complete /GH. Therefore, among 50 cases of B-cell lym-
phomas, 42 (84%) cases showed clonality for complete
IGH (Figures 1-3).

Discussion

Generally, lymphomas originate from single neoplas-
tic lymphoid cells. As mentioned above, lymphoblastic
cells contain identical Ig gene rearrangement patterns.
Several routine diagnostic criteria for lymphoma detec-
tion exist in histopathology laboratories; however, these
are not suitable for all cases with B-cell lymphoma. Use
of the molecular genetics approach clonality testing in
assumed B-cell malignancies, has been proposed to be
a reliable method for atypical subjects. Euro Clonality
BIOMED-2 Concerted Action developed a standard
protocol for clonality detection (8, 12). In this study, we
assessed the application value of BIOMED-2 clonality
assays for the detection of clonality in B-cell malignan-

Copyright © 2014. All rights reserved.
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Figure 1. Gene rearrangements in FRI region. Lane 1; Negative:
Lane (2, 3); Monoclonal band (320bp): N; Negative: Pos; Positive
(IVS-0010), M; DNA marker 100bp.

Mo P N

Figure 2. Gene rearrangements in FRII region. Lane (1, 2); Negative
Lane 3; Monoclonal band (288bp): N; Negative: Pos; Positive (IVS-
0010), M; DNA marker 100bp.
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Figure 3. Gene rearrangements in FRIII region. Lane (1, 3); Nega-
tive: Lane (2, 4); Monoclonal band (155bp): N; Negative: Pos; Posi-
tive (IVS-0010), M; DNA marker 100bp.

cies including B-NHLs and HLs and compared the data
between the two groups. The use of three complete /IGH
rearrangement assays detected total positive clonality in
42 of the 50 (84%) cases of B-cell malignancies. Our fin-
dings revealed positive clonality for FR1, FR2 and FR3
in 14% (7/50), 34% (17/50) and 36% (18/500f cases res-
pectively. Of 20 cases diagnosed with DLBCL, 19 (95%)
showed positive clonality for /GH which was higher than
the previous studies which reported clonality in 67%-
88% of cases (13-16). Further, positive clonality was
detected in 20% (4/20) for FR1, which was similar to
that reported by Catherwood et al (14), but significantly
lower than that observed by others (12, 16). In addition,
our results revealed a positive rate of 40% (8/20) in clo-
nality detection for FR2 in DLBCL group, while other
studies reported clonality ranging between 56%-61%
(12, 14, 16). Some studies recorded a rate of positive clo-
nality 50% for FR3 rearrangements (12, 16) although a
significantly lower value (35%) was registered in the pre-
sent study. The lower detection rates of clonality in FR1
and FR2 compared to FR3 could be due to the occurrence
of SHM (somatic hypermutation) in the targeting site of
the FR3 region (17) causing primer mismatching during
Ig rearrangements assays (14).

IGH gene rearrangements analysis performed on
FFPE samples in two patients with FL showed positive
clonality in both, one for FR1 and the other for FR3.
Amara et al. (13) and Liu et al. (16) had shown signi-
ficantly lower 37% and 43% clonality for /GH respecti-
vely. Other investigators reported 76/7% and 96% posi-
tive clonality for /GH rearrangements (14, 18). A positive
rate of detection of clonality for FR1 ranged from 30%
to 73% and for FR3 from 13% to 54% (12, 14, 16, 18).
In cases diagnosed with MALT, B-cell clonality by /IGH
multiplex PCR assays was detected in 84%, 86% and
100% respectively (12, 16, 19). Out of the three cases
of MALT investigated in the present study two showed
a clonal marker for FR3 and one for FR1. However, our
analysis needs to be extended over a large number of
patients.

Assessment of /GH gene rearrangement in 11 cases

Copyright © 2014. All rights reserved.

of HL revealed 82% (9/11) positive clonality in these
cases. It is interesting that this rate of positive clonality
was higher than previous studies, which reported a range
between 21%-50% (15, 20, 21, 22). HL cases included
mixed cellularity and nodular sclerosis sub-types and all
samples consisted of high density of neoplastic CD30
positive cells. This could be the reason for a relatively
higher percentage of clonality in our study. Among cases
diagnosed with B-LPD (unclassifiable), the rate of posi-
tive clonality was observed in 7% for FR1, 35.5% for
FR2, and 21% for FR3. However, with combination of
three frame work regions in /GH assays, a total of 64.3%
(9/14) clonality was detected. Liu et al. (16) achieved
a 91% detection rate of Ig gene rearrangements when
three reactions comprising of one targeting the /GH fra-
mework-2 region and two targeting the /GK locus were
employed.

In conclusion, the combined use of three /IGHFRI,
FR2 and FR3, rearrangements to assay B-cell clonality,
has provided a good diagnostic tool for the detection of
LPD, especially in patients without a clear morphologi-
cal status of lymphoma.
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