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Malignant lymphoma is the 10th most frequent malignancy 
in Korea.1 In patients with malignant lymphoma, an accurate 
diagnosis facilitates effective treatment, which leads to improved 
outcomes. Most lymphoproliferative diseases (LPDs) can be di-
agnosed using histopathologic findings and immunohistochemi-
cal staining; however, it is sometimes very difficult to make a di-
agnosis, even for experienced pathologists.

As an additional diagnostic method, clonality testing of the 
immunoglobulin (IG) and T cell receptor (TCR) gene rearrange-
ments has been introduced. Malignant tumor cells exhibit clon-
ality, whereas reactive cells show polyclonality. Most B cell lym-
phomas reveal clonal IG gene rearrangements, and T cell lym-
phomas show clonal TCR gene rearrangements.2-4 Southern blot 
hybridization has been introduced for detecting the clonality of 
IG or TCR gene rearrangements.5 Although Southern blot hy-
bridization is sensitive, requires a large amount of high-quality 
DNA and is technically complex, in addition, the analysis takes 
a long time to perform. Recently, polymerase chain reaction 

(PCR)-based clonality testing has replaced Southern blot hy-
bridization for detecting clonality. PCR-based clonality testing 
takes less time than Southern blot hybridization, is simple and 
requires only a small amount of medium-quality DNA. How-
ever, numerous PCR protocols with different primers have been 
developed with varying results in sensitivity and specificity.6-11 
The BIOMED-2 PCR assay was introduced as a highly efficient 
method, which uses multiple primers targeting different gene 
segments of the IG and TCR genes.12-15 This technique has been 
reported to be both sensitive and specific when DNA is extract-
ed from formalin-fixed, paraffin-embedded tissues if the size of 
the control PCR product is over 300 bp.14-16

Recently, the BIOMED-2 reaction assay has been considered 
as a standard method for detecting IG and TCR gene rearrange-
ments of LPDs in Europe.12,15 In this study, 441 specimens of B 
cell and T cell lymphomas that included fresh/frozen tissue and 
formalin-fixed, paraffin-embedded tissues were studied in a Eu-
ropean group. However, data pertaining to IG and TCR gene 
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rearrangements in other ethnic groups including Asians with 
LPDs have been insufficient. There have only been two small 
groups of studies about Asians, and they were conducted in Thai 
and Taiwanese populations.17,18 Fifty-two cases of B cell lympho-
ma and T cell lymphoma in Thailand were studied using the 
BIOMED-2 PCR assay, and 67 cases of extranodal natural killer 
(NK)/T cell lymphoma in Taiwan were studied. Therefore, more 
data from other ethnic groups, including Asians, are needed.

We performed multiplex PCR using the BIOMED-2 reaction 
assay to determine the occurrence of clonality in LPDs in a Ko-
rean population sample. We tested the utility of the BIOMED-2 
reaction as an ancillary test for lymphomas and compared the 
data from a similar study including European, Thai, and Tai-
wanese people.

MATERIALS AND METHODS

Specimens and patients

For this study, we selected 250 cases diagnosed with B cell 
lymphomas, T cell lymphomas and reactive lymphadenitis 
from 2004-2012 at Chonnam National University Hospital 
(Gwangju, Korea) and Chonnam National University Hwasun 
Hospital (Hwasun, Korea). The purity and concentrations of 
the DNA in all cases were measured. After verifying the DNA 
quality, 219 patients were selected and were included in clonal-
ity analyses of IG and TCR gene rearrangements, as shown in 
Table 1.

The B cell lymphomas (78 cases) were comprised of 49 diffuse 
large B cell lymphomas (DLBCLs), 8 mucosa-associated lym-
phoid tissue lymphomas (MALTLs), 3 nodal marginal zone B 
cell lymphomas (nodal MZLs), 6 follicular lymphomas (FLs), 4 
mantle cell lymphomas (MCLs), and 8 B lymphoblastic leuke-
mias/lymphomas (BLL/L). The T cell lymphomas (80 cases) in-
cluded of 41 peripheral T cell lymphomas, unspecified (PTCLs-
U), 7 anaplastic large cell lymphomas (ALCLs), 12 nasal type 
NK/T cell lymphomas (N-NK/Ts), 12 angioimmunoblastic T 
cell lymphomas (AITLs), 2 adult T cell leukemia/lymphomas 
(ATL/Ls), and 6 T lymphoblastic leukemias/lymphomas (TLL/
L). Finally, 61 patients with reactive lymphoproliferative disease 
included 37 incidentally-detected palpable lymphadenopathies 
(LAPs), 9 infection-related LAPs, 5 radiation-related LAPs, 4 
autoimmune disease-related LAPs, 3 fevers of unknown origin 
LAPs, 2 radioactive iodine therapy-associated LAPs following 
surgery to treat thyroid papillary carcinomas, and 1 chemothera-
py-related LAP. Two pathologists reviewed all of the hematoxy-
lin and eosin and immunohistochemical-stained slides.

DNA preparation

DNA was extracted from 250 formalin-fixed, paraffin-em-
bedded specimens. Sections (5 μm thickness) were cut from 
each paraffin block, and the areas of lymphoma were scraped 
from the unstained formalin-fixed, paraffin-embedded sections. 
The DNA was extracted using a QIAamp DNA Mini Kit ac-
cording to the manufacturer’s protocol (Qiagen, Hilden, Ger-
many). The concentrations and purity of all 250 extracted DNA 
samples were measured. Polymerase chain reaction (PCR) prod-
ucts were obtained using a gradual dilution of DNA analyzed 
on MetaPhor agarose gel (Cambrex Bio Science, Rockland, ME, 
USA) in five cases. Bands of PCR products with DNA over 30 
ng/µL were detected using the MetaPhor agarose gel. Therefore, 
219 out of the 250 samples with DNA over 30 ng/µL were ana-
lyzed with the full set of BIOMED-2 PCR assay (InVivoScribe 
Technologies, San Diego, CA, USA) for IG and TCR gene rear-
rangement. Thirty-one specimens with DNA concentrations of 

Table 1. Characteristics of the non-Hodgkin lymphomas and reac-
tive lymphoproliferative diseases

Characteristic NHL RLD

No. 158 (100) 61 (100)
Age (yr)
   <30 21 (13.3) 12 (19.7)
   30-49 27 (17.1) 19 (31.1)
   50-64 49 (31.0) 18 (29.5)
   >65 61 (38.6) 12 (19.7)
   Mean (range) 57.8 (7-88) 50.8 (3-78)
Sex
   Male 94 36
   Female 64 25
Subtype
   MCL 4 NA
   FL 6 NA
   MZL 3 NA
   MALTL 8 NA
   DLBCL 49 NA
   BLL/L 8 NA
   PTCL-U 41 NA
   ALCL 7 NA
   N-NK/T 12 NA
   AITL 12 NA
   ATL/L 2 NA
   TLL/L 6 NA

Values are presented as number (%).
NHL, non-Hodgkin lymphoma; RLD, reactive lymphoproliferative disease; 
MCL, mantle cell lymphoma; NA, not applicable; FL, follicular lymphoma; 
MZL, marginal zone lymphoma; MALTL, extranodal marginal zone lympho-
ma of mucosa associated lymphoid tissue; DLBCL, diffuse large B-cell lym-
phoma; BLL/L, B lymphoblastic lymphoma/leukemia; PTCL-U, peripheral T 
cell lymphoma, unspecified; ALCL, anaplastic large cell lymphoma; N-NK/T, 
nasal type NK/T cell lymphoma; AITL, angioimmunoblastic T-cell lympho-
ma; ATL/L, adult T cell leukemia/lymphoma; TLL/L, T lymphoblastic leuke-
mia/lymphoma.
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less than 30 ng/μL were excluded from this study.

Polymerase chain reaction analysis

DNA volumes of 50-200 ng were used for the PCR reactions. 
PCR amplifications were performed using a BIOMED-2 multi-
plex PCR master mix (three tubes of complete IGH [IGHA: 
VHFR1-JH; IGHB:VHFR2-JH; IGHC:VHFR3-JH], two tubes of 
incomplete IGH [IGHD:DH1--6-JH; IGHE:DH7-JH], two tubes of 
IGK [IGKA:Vκ-Jκ; IGKB:Vκ-Kde and JκCκ intron-Kde], two tubes 
of complete TCRB [TCRBA:Vβ-Jβ1/2.2/2.6/2.7; TCRBB:Vβ-Jβ2.1/2.3/ 

2.4/2.5], one tube of incomplete TCRB [TCRBC:Dβ-Jβ], and two 
tubes of TCRG [TCRGA:VγI/γ10-Jγ; TCRGB:Vγ9/γ11-Jγ]). The 
BIOMED-2 PCR protocols19 were performed using a thermal 
cycler according to the manufacturer’s recommendations. Each 
PCR was carried out in a 10-µL volume (9 µL of master mix 
with 1 unit of AmpliTaq Gold DNA polymerase [Applied Bio-
systems, Foster City, CA, USA] and 1 µL of template DNA).

PCR products were denatured at 95˚C for 10 minutes and 
rapidly transferred to 4˚C for 60 minutes to promote duplex 
formation. Next, 480 reactions (40 cases) were analyzed on both 
8% non-denaturing polyacrylamide (acrylamide:bisacrylamide= 
29:1) gel in a 1×  Tris-boric acid-EDTA buffer, and on 4% 
MetaPhor agarose gel in a 1×  Tris-boric acid-EDTA buffer at 
100 V for 50 minutes simultaneously. The other reactions were 
analyzed on MetaPhor agarose gel only.

Interpretation of clonality

Gel images were examined independently by two patholo-
gists experienced in clonality analysis. When the PCR products 
appeared indistinct and one or more ill-defined bands of varying 
size ranges were present, the PCR products were interpreted as 
polyclonal. The rearrangements were interpreted as clonal when 
one or more discrete bands appeared within the expected size 
range, and they were often accompanied by one or more bands 
in IG or TCR.20 Co-existing clonality was defined when one or 
more discrete bands within the expected size range appeared in 

IG and TCR. Co-existing clonality was regarded as a subtype of 
clonality in the current study. In cases with weak PCR bands or 
equivocal results, the amplification was repeated and the ampli-
cons were analyzed on both 8% non-denaturing polyacrylamide 
gel and 4% MetaPhor agarose gel.

RESULTS

Among 70 cases of mature B cell lymphomas, 67 (95.7%) 
showed clonality for IG, 2 (2.9%) exhibited co-existing clonality 
for IG and TCR, and 3 (4.3%) showed polyclonality. Four out of 
eight (50%) BLL/L cases revealed clonality for IG, five cases 
(62.5%) had clonality for TCR, two cases (25%) exhibited co-
existing clonality, and one (12.5%) had polyclonality. Sixty-two 
out of 74 cases (83.8%) diagnosed with mature T cell lympho-
ma revealed clonality for TCR, 12 cases (16.2%) showed poly-
clonality, and 6 (8.1%) cases revealed co-existing clonality. Four 
out of six TLL/L cases showed clonality for TCR, and two cases 
showed polyclonality. Among 61 cases of reactive lymphadeni-
tis, 57 cases (93.4%) were polyclonal for IG and TCR; however, 
4 cases (6.6%) had clonality for IGK or TCRG. Two cases 
(3.3%) were clonal for each IGKA and TCRGB (Table 2).

Mature B cell lymphoma revealed clonality for IGH in 60 out 
of total 70 cases. Among 70 mature B cell lymphoma cases, 56 
cases (64.0%) had clonality for the VDJ region of IGH and 35 
(50.0%) revealed clonality for the DH-JH region of IGH. Thir-
ty-three cases (47.1%) showed clonality for IGK. Sixty-seven 
out of 70 (95.7%) cases had clonality for IGH or IGK. The 
DLBCLs revealed clonality for IGH in 41 out of 49 (83.7%) cas-
es, including 38 (77.6%) that showed clonality for the VDJ re-
gion and 29 (59.2%) for the DH-JH region. Finally, 18 (36.7%) 
cases had clonality for IGK. Two cases of DLBCL showed com-
bined TCR gene rearrangement, and three cases revealed poly-
clonality. Other mature B cell lymphomas showed 100% clonal-
ity for IG. Of the cases with MALTLs, eight (100%) had clonal-
ity for IGH, and four (50.0%) had clonality for IGK. Of those 

Table 2. Clonality of IG and TCR targets in B cell lymphoma, T cell lymphoma and reactive lymphoproliferative disease

BCL (n=78) TCL (n=80)
RLD (n=61)

Mature BCL (n=70) BLL/L (n=8) Mature TCL (n=74) TLL/L (n=6)

IGH+IGK 67 (95.7) 4 (50.0) 6 (8.1) 0 (0) 2 (3.3)
TCRB+TCRG 2 (2.9) 5 (62.5) 62 (83.8) 4 (66.7) 2 (3.3)
Co-existing clonality 2 (2.9) 2 (25.0) 6 (8.1) 0 (0) 0 (0)
Polyclonality 3 (4.3) 1 (12.5) 12 (16.2) 2 (33.3) 57 (93.4)

Values are presented as number (%).
IG, immunoglobulin; TCR, T cell receptor; BCL, B cell lymphoma; BLL/L, B lymphoblastic lymphoma/leukemia; TCL, T cell lymphoma; TLL/L, T lymphoblastic 
leukemia/lymphoma; RLD, Reactive lymphoproliferative disease.
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cases with nodal MZLs, three (100%) had clonality for IGH and 
two (66.7%) showed clonality for IGK. Three of the four cases 
with MCLs (75.0%) had clonality for IGH and all 4 (100%) had 
clonality for IGK. All FL cases showed clonality for IGH or 
IGK, but no clonality for the DH-JH region of IGH was found. 
BLL/L demonstrated quite different results compared to other B 
cell lymphomas. BLL/L revealed four cases (50%) with clonality 

for IG, including three (37.5%) that showed clonality for IGH 
and one (12.5%) with clonality for IGK. Five out of eight BLL/
L showed TCR gene rearrangements including two TCRB clon-
alities and/or five TCRG clonalities. Co-existing clonal cases 
were two and polyclonal case was one in BLL/L (Table 3).

Among 74 mature T cell lymphomas, 62 cases (83.8%) had 
TCR clonality. There were 38 clonal cases (51.4%) each for 

Table 3. Genotypic profiles of B cell lymphoma (BCL)

Mature BCL Precursor BCL
Total (n=78)

MCL (n=4) FL (n=6) MZL (n=3) MALTL (n=8) DLBCL (n=49) Subtotal (n=70) BLL/L (n=8)

IGH genes
   No rearrangement 1 (25.0) 1 (16.7) 0 (0) 0 (0) 8 (16.3) 10 (4.3) 5 (62.5) 15 (23.1)
   VDJ cases 2 (50.0) 5 (83.3) 3 (100) 8 (100) 38 (77.6) 56 (64.0) 3 (37.5) 59 (75.6)
   DH-JH cases 1 (25.0) 0 (0) 1 (33.3) 4 (50.0) 29 (59.2) 35 (50.0) 1 (12.5) 36 (46.2)
   All IGH VDJ+DH 3 (75.0) 5 (83.3) 3 (100) 8 (100) 41 (83.7) 60 (85.7) 3 (37.5) 63 (80.8)
IGK genes
   No rearrangement 0 (0) 1 (16.7) 1 (33.3) 4 (50.0) 31 (63.3) 37 (52.9) 7 (87.5) 44 (56.4)
   Total IGK 4 (100) 5 (83.3) 2 (66.7) 4 (50.0) 18 (36.7) 33 (47.1) 1 (12.5) 34 (43.6)
Combined IG genes
   All IGH+IGK 4 (100) 6 (100) 3 (100) 8 (100) 46 (93.8) 67 (95.7) 4 (50.0) 71 (91.0)
TCRB genes
   Vβ-Jβ genes 0 (0) 0 (0) 0 (0) 0 (0) 1 (2.0) 1 (1.4) 1 (12.5) 2 (2.6)
   Dβ-Jβ genes 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (12.5) 1 (1.3)
   Total TCRB 0 (0) 0 (0) 0 (0) 0 (0) 1 (2.0) 1 (1.4) 2 (25.0) 3 (3.8)
TCRG genes 0 (0) 0 (0) 0 (0) 0 (0) 1 (2.0) 1 (1.4) 5 (62.5) 6 (7.7)
Combined TCR genes
   All TCRB+TCRG 0 (0) 0 (0) 0 (0) 0 (0) 2 (4.1) 2 (2.9) 5 (62.5) 7 (9.0)
Polyclonality 0 (0) 0 (0) 0 (0) 0 (0) 3 (6.1) 3 (6.1) 1 (12.5) 4 (5.1)

Values are presented as number (%). 
MCL, mantle cell lymphoma; FL, follicular lymphoma; MZL, marginal zone lymphoma; MALTL, extranodal marginal zone lymphoma of mucosa associated 
lymphoid tissue; DLBCL, diffuse large B-cell lymphoma; BLL/L, B lymphoblastic leukemia/lymphoma; IG, immunoglobulin; TCR, T cell receptor.

Table 4. Genotypic profiles of T cell lymphoma (TCL)

Mature TCL Precursor TCL
Total (n=80)

PTCL-U (n=41) ACLC (n=7) N-NK/T (n=12) AITL (n=12) ATL/L (n=2) Subtotal (n=74) TLL/L (n=6)

TCRB genes
   No rearrangement 22 (53.7) 4 (57.1) 5 (41.7) 5 (41.7) 0 (0) 36 (48.6) 4 (75.0) 40 (50.0)
   Vβ-Jβ cases 12 (29.3) 2 (28.6) 2 (16.7) 5 (41.7) 2 (100) 23 (31.1) 1 (16.7) 24 (30.0)
   Dβ-Jβ cases 13 (31.7) 4 (57.1) 5 (41.7) 3 (25.0) 1 (50.0) 26 (35.1) 1 (16.7) 27 (33.8)
   Total TCRB 19 (46.3) 4 (57.1) 7 (58.3) 6 (50.0) 2 (100) 38 (51.4) 2 (33.3) 40 (50.0)
TCRG genes
   No rearrangement 19 (46.3) 4 (57.1) 8 (66.7) 4 (33.3) 0 (0) 35 (47.3) 4 (66.7) 39 (48.8)
   Total TCRG 21 (51.2) 3 (42.9) 4 (33.3) 8 (66.7) 2 (100) 38 (51.4) 2 (33.3) 40 (50.0)
Total TCR 37 (90.2) 5 (71.4) 8 (66.7) 10 (83.3) 2 (100) 62 (83.8) 4 (66.7) 66 (82.5)
IGH genes
   VDJ cases 1 (2.4) 0 (0) 0 (0) 2 (16.7) 0 (0) 3 (4.0) 0 (0) 3 (3.8)
   DH-JH cases 3 (7.3) 0 (0) 0 (0) 1 (8.3) 0 (0) 4 (5.4) 0 (0) 4 (5.0)
   All IGH VDJ+DH 3 (7.3) 0 (0) 0 (0) 2 (16.7) 0 (0) 5 (6.8) 0 (0) 5 (6.3)
IGK genes 1 (2.4) 0 (0) 0 (0) 1 (8.3) 0 (0) 2 (2.7) 0 (0) 2 (2.5)
Combined IG genes
   All IGH+IGK 3 (7.3) 0 (0) 0 (0) 2 (16.7) 0 (0) 5 (6.8) 0 (0) 5 (6.3)
Polyclonality 4 (9.8) 2 (28.6) 4 (33.3) 2 (16.7) 0 (0) 12 (16.2) 2 (33.3) 14 (17.5)

TCL, T cell lymphoma; PTCL-U, peripheral T cell lymphoma, unspecified; ALCL, anaplastic large cell lymphoma; N-NK/T, nasal type NK/T cell lymphoma; 
AITL, angioimmunoblastic T-cell lymphoma; ATL/L, adult T cell leukemia/lymphoma; TLL/L, T lymphoblastic leukemia/lymphoma; TCR, T cell receptor; IG, im-
munoglobulin
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TCRB and TCRG (Table 4). Clonal bands were observed in 23 
(31.1%) and 26 cases (35.1%) for the Vβ-Jβ and Dβ-Jβ regions 
of TCRB, respectively. Thirty-seven of 41 (90.2%) PTCL-U 
cases had clonality for TCR, including 19 cases (46.3%) with 
clonality for TCRB and 21 cases (51.2%) with clonality for 
TCRG. N-NK/Ts had clonality for TCR in 8 cases (66.7%). 
AITL had clonality in 10 (83.3%), and ATL/Ls had clonality for 
TCR in 2 (100%). N-NK/Ts had clonality for TCRB in seven 
cases (58.3%) and for TCRG in four cases (33.3%). TCRB and 
TCRG gene rearrangements of AITL were revealed in six cases 
(50%) and eight cases (66.7%), respectively. ALCLs had clonal-
ity for total TCR in five cases (71.4%) including four cases 
(57.1%) of clonality for TCRB and three cases (42.9%) for 
TCRG. All TLL/L cases had no clonality for IGH or IGK, and 
four out of six (66.7%) TLL/L showed TCR clonality, including 
two TCRB and two TCRG clonal cases (Table 4).

In all, 480 reactions spanning 40 cases were analyzed on non-
denaturing polyacrylamide gels and MetaPhor agarose gels 
(Cambrex Bio Science) simultaneously. All 480 reactions re-
vealed the same results (Fig. 1A, B).

DISCUSSION

The clonality detection rate of LPDs of Koreans is lower than 
that of Europeans but higher than that of the Taiwanese. All 
mature B cell lymphomas in this study from a Korean popula-
tion showed 67 out of 70 cases (95.7%) of clonality for the IG 
gene compared to 367 out of 369 (99.0%) in a European study.21 
Twenty-two cases (95.7%) in B cell lymphomas of southern Tai-
wan had clonality for IG, which was the same finding as our 
data.17 Sung et al.’s study22 in Koreans using BIOMED-2 multi-
plex PCR reported 87.5% (14/16) clonality for IG. Our cases 
showed clonality for IGH in 60 out of 70 cases (85.7%), whereas 
for IGK, clonality was shown in 33 out of 70 cases (47.1%). 
IGK clonality was significantly lower compared to that in a Eu-
ropean patient sample, which revealed 323 out of 369 cases 
(88.0%) (p<.05) of clonality, and it was also lower compared to 
that in a Taiwanese patient sample, which found 16 of 23 cases 
(69.6%) of clonality.17,21 However, in a Korean patient sample, 
Sung et al.22 reported that 7 of 16 cases (43.8%) showed clonal-
ity for IGK, which was similar to our findings. Of the DLBCL 
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Fig. 1. Detecting immunoglobulin (IG) and T cell receptor (TCR) gene rearrangement by 4% Metaphor agarose gel (A) and 8% non-denaturing 
polyacylamide gel (B) using the BIOMED-2 protocols. Results of IG/TCR gene clonality detection are indicated by the presence or absence of 
a PCR product of the expected size. All reactions on non-denaturing polyacrylamide gels and Metaphor agarose gels revealed the same re-
sults. The case of the photos showed positivity for TCRBA and TCRBC on both gels. The expected size of the PCR products were as follows: 
IGHA 310-360 bp; IGHB 250-295 bp; IGHC 100-170 bp; IGHD 110-290, 390-420 bp; IGHE 100-130 bp; IGKA 120-160, 190-210, 260-300 
bp; IGKB 201-250, 270-300, 350-390 bp; TCRBA 240-285 bp; TCRBB 240-285 bp; TCRBC 170-210, 285-325 bp; TCRGA 145-255; TCRGB 
80-220 bp. M, DNA size marker; PC, positive control; NC, negative control.
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cases, 93.8% showed clonality for IG, which was similar to a 
European study that revealed 98.0% clonality.15 The other 
types of B cell lymphomas showed 100% clonality, similar to 
what was observed in a European study.14,15 The FL cases 
showed 100% (6/6) clonality for IG including IGH and IGK; 
however, no clonality was observed for DH-JH rearrangements 
of IGH in this study, as compared to a 19.0% rearrangement 
rate in a European study.15

BLL/L showed quite different clonality results from other 
types of B cell lymphomas. BLL/L had clonality for IG in four 
of eight cases (50%), which was much lower than other types of 
B cell lymphomas, and clonality for TCR in five of eight cases 
(62.5%), which was much higher than other types of B cell 
lymphomas. In addition, co-existing clonality was presented in 
two cases (25%) in BLL/L, which was higher than other B cell 
lymphomas except DLBCL. This finding might be because 
BLL/L are arrested at various stages of pre-B cell development 
and cross lineage IG/TCR gene rearrangement occurs particu-
larly in immature lymphoid malignancy. Therefore, in the case 
of LPD of unknown origin, the IG/TCR gene rearrangement 
result should not be used directly for determination of B or T 
cell lineage.15

There were three polyclonal cases out of 70 (4.3%) B cell lym-
phomas, all of which were DLBCLs. The ratio of polyclonal B 
cell lymphomas was higher among the Korean sample than the 
European sample, which revealed polyclonality in two DLBCLs 
out of 369 B cell lymphomas. There was one polyclonal case out 
of 23 B cell lymphomas in Taiwan, which was also DLBCL. 
Polyclonality may occur in lymphoid malignancies when the 
number of clonal B cells is too low to be detected or the cases 
have a significant somatic hypermutation without gene rear-
rangement.21

Moreover, there were two co-existing clonal cases in DLBCLs 
and BLL/L, respectively. One case out of two co-existing DLB-
CLs showed bands in IGKA and TCRBc, while the other case re-
vealed discrete bands in IGHc, IGHD, IGKA, and TCRGA. One 
case of BLL/L was positive for IGKB and TCRGB, and the other 
case showed bands in all tubes of IGH, TCRBA and TCRBB, and 
TCRGB. The study of Europeans reported that co-existing clon-
ality was 27% in mature B cell lymphomas. Additionally, the 
incidence of cross lineage IG/TCR gene rearrangement has been 
reported to be up to 90% in BLL/L.21 Although the causes are 
currently not well understood, the rearrangements might arise 
from somatic hypermutations or point mutations.21

The clonality of T cell lymphomas in this study was lower 
than that of Europeans but higher than that of the Taiwanese. 

The clonality of all T cell lymphomas except N-NK/T and 
TLL/L in this study was 87.1% (54/62), as compared to 94.0% 
(177/188) in a European study and 76.0% (19/25) in a Taiwan-
ese study.12,17 Among T cell lymphomas, including N-NK/T 
and TLL/L, TCR gene rearrangement was revealed in 66 out of 
80 cases (82.5%) in this study. There was clonality for TCRB in 
38 out of 74 cases (51.4%) mature T cell lymphomas in Kore-
ans compared with 171 out of 188 cases (91.0%) in a European 
study and 11 out of 28 cases (39.3%) in a Taiwanese study. Ad-
ditionally, clonality for TCRG was found in 38 cases (51.4%) in 
this study, which was significantly lower than the data reported 
in the European-based study (168/188, 89.0%; p<.05) and 
similar to that of the Taiwanese study (17/29, 58.6%).12,14,15,17 
In PTCL-U cases, 21 out of 41 cases (51.2%) showed clonality 
for TCRG compared with 177 out of 188 (94.0%) in a Europe-
an study and 10 out of 14 (71.4%) in a Taiwanese study. One of 
the reasons for this difference might be ethnic differences. Euro-
peans have minor allele frequencies of 0.33, whereas African 
Americans have frequencies of 0.50, and Asians 0.42 for the al-
lele of a single nucleotide polymorphism (rs 2392542) for 
TCRG.23 N-NK/T showed clonality for TCR in eight out of 12 
(66.7%), which was higher than those of a Thai group (20/67, 
30%) and a Taiwan study (0/8, 0%).17,18 Of seven ALCL cases, 
five (71.4%) had clonality for TCR, which was similar to data 
from a European study that reported clonality in 34 out of 43 
(79.0%).12 Of 12 AITL cases, 10 (83.3%) had clonality for TCR 
compared with 35 out of 37 (95.0%) in the European data.12

Twelve polyclonal cases were observed in 74 T cell lympho-
mas. They were four PTCLs-U, four N-NK/Ts, two AITLs, and 
two anaplastic lymphoma kinase (ALK)-positive ALCLs. The 
European study revealed 11 polyclonal cases in 188 (5.9%) T 
cell lymphomas, which consisted of eight ALK-positive ALCLs, 
one ALK-negative ALCL, and two AITLs. There were no poly-
clonal cases for TCR among PTCLs-U in a European study. Eu-
ropean data reported that 24.0% of ALK-positive ALCLs did 
not demonstrate TCR clonality.12

Four PTCL-U with co-existing clonality showed various IG 
and TCR gene rearrangements, which were IGHC and IGHD, 
IGKB, TCRBA and TCRBB, and TCRGB. Two AITLs revealed 
co-existing clonality for IGHB, IGHC, IGHD, IGKB, and TCR-
BA. In this study, six cases (8.1%) with co-existing clonality were 
identified in 74 mature T cell lymphomas. The rate of 0-9% for 
co-existing clonality has been reported in T cell lymphomas of 
Europeans.12 Four out of six (66.7%) TLL/L showed clonality for 
TCR, which is similar to that of other T cell lymphomas. In 
contrast to BLL/L, all of the TLL/L cases showed no co-existing 
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clonality.
Most of the 61 cases diagnosed with reactive LPD had poly-

clonality (93.4%). However, four out of 61 cases (6.6%) with 
reactive lymphadenitis had clonality as well. A case with clonal-
ity for IGK involved a 53-year-old female with inguinal LAP 
who had a history of radiation therapy due to uterine cervical 
cancer. The clonality may have resulted from the radiation ther-
apy, as previously reported.24 The second case with clonality for 
IGK was a 28-year-old male who was infected with human im-
munodeficiency virus (HIV). It has been reported that IG rear-
rangements are associated with HIV-related LAP syndrome.20 
The third case with clonality for TCRG was a 53-year-old male 
who had received radioactive iodine therapy after a total thy-
roidectomy due to papillary thyroid carcinoma. Radioactive io-
dine therapy is reported to cause clonality of the lymph nodes.25 
The fourth case was a 37-year-old female with a history of virus-
induced cervical LAP. The clonality for TCRG may have been 
induced by a viral infection in this case.20 There was no occur-
rence of lymphoma in these cases during the three-year follow-
up period.

Cho et al.8 reported on IG and TCR gene rearrangements in 
LPDs based on a conventional nested PCR-based clonality assay 
using a FRIIIA-LJH/VLJH consensus primer for IGH and a 
Vγ-Jγ consensus primer for TCRG in a Korean population. The 
clonality for IGH in B cell lymphomas was 97.1% (34/35), 
which was higher than the 85.7% clonality in the current study. 
However, the specificity of IGH gene rearrangements was 97%, 
which was lower than the 100% specificity in BIOMED-2 
found in this study. In addition, the clonality for TCRG in T 
cell lymphoma was 79.3%,8 which was higher than the 51.2% 
(21/41) reported herein. The specificity of TCRG gene rear-
rangements using the previous method was 99.4%, which was 
higher than the 96.7% found by the current study. The higher 
clonality ratio for IG and TCR might result from the semi-
nested PCR technique, which runs the PCR twice. 

Electrophoresis of 480 PCR products was performed using 
4% MetaPhor agarose gels and 8% non-denaturing polyacryl-
amide gels, which revealed the same results on both gels. Al-
though the manufacturer of the BIOMED-2 multiplex PCR kit 
recommends electrophoresis of the PCR products using a non-
denaturing polyacrylamide gel or gene scan, the MetaPhor aga-
rose gel is as sensitive as a non-denaturing polyacrylamide gel. 
MetaPhor agarose gel has several advantages over non-denatur-
ing polyacrylamide gel, such as ease of handling, safe and quick 
preparation. Therefore, all of the PCR products in this study 
were analyzed using 4% MetaPhor agarose gels. In cases with 

weak PCR bands or equivocal results, the analysis of both 8% 
non-denaturing polyacrylamide gel and 4% MetaPhor agarose 
gel will help confirm the diagnosis.

This study had some limitations. We performed IGH, IGK, 
TCRB, and TCRG tests, but the PCR amplification for IGL 
and TCRD was not carried out. It has been reported that the ef-
fect of IGL or TCRD testing for clonality detection is negligi-
ble, ranging from1 to 2%.12,21 Sung et al.22 also found a similar 
result. They observed the clonality detection rate using IGH 
and IGK was not changed irrespective of the IGL test. Addi-
tionally, the number of cases in this study was less than that of 
the European study. More cases of Koreans would be of help in 
comparing among races and establishing a definitive diagnosis. 

Although there were some differences in clonalities for IGK 
and TCRG of B and T cell lymphomas between Korean and 
European populations, the overall clonality ratio in B or T cell 
lymphomas of Koreans was similar to those of Europeans. We 
conclude that the BIOMED-2 multiplex PCR reaction can be a 
useful adjuvant test for diagnosing LPDs when the histologic 
and immunohistochemical evidence is insufficient.
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