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ABSTRACT

Introduction: T- and B-lymphocytes are involved in
recognition of foreign antigen by the specificity of
their surface T-cell receptor and immunoglobulin,
generated by gene rearrangement. Each T- and
B-lymphocyte carries unique rearranged TCR or
immunoglobulin gene, which has been applied
to detect clonal from non-clonal T- and B-cell
proliferation.

Methods: Paraffin-embedded biopsy tissues of
85 T-, 24 B-cell non-Hodgkin’s lymphomas (NHL)
of various subtypes, and seven reactive lymphoid
hyperplasia were retrieved from the archives
for determining the feasibility of TCRγ gene
rearrangement analysis by PCR assays in our
laboratory. DNA was extracted by Proteinase
K digestion. The analyses were performed by five
PCR assays, and analysed on polyacrylamide gel.

Results: Clonal TCRγ gene rearrangement was
demonstrated in 69/85 (81.2%) of the cases. Selective
rearrangement of specific Vγ segment was observed,
especially in peripheral T-cell lymphoma-unspecified
and nasal NK/T-cell lymphoma. Clonal TCRγ
rearranged band was also demonstrated in 4/24
(16.7%) and 2/7 (28.6%) of B-NHL and reactive
lymphoid tissues respectively.

Conclusion: PCR assays were able to demonstrate
clonal TCRγ gene rearrangement in a high proportion
of T-NHL. However, the PCR results should be
interpreted carefully. A neoplasm should only be
considered as T-cell type if it does not express any
B-cell marker because TCRγ is not lineage specific
as shown by the presence of clonal TCRγ gene
rearrangement in B-NHL. Hence, the results for
TCR gene rearrangement should always be
interpreted in conjunction with histology and
immunophenotyping.
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INTRODUCTION
B- and T-lymphocytes participate in the recognition and
elimination of foreign pathogens and macromolecules.
The specificity and diversity of this function are mediated
by immunoglobulin and T-cell receptor (TCR) gene
rearrangement of B- and T-lymphocytes respectively.
The rearrangements occur in a highly ordered fashion
in the early stage of B- and T-lymphocytes development.
It involves the juxtaposition of different variable (V),
diversity (D), and joining (J) gene segments of the
immunoglobulin or TCR gene by looping out and
excising the intervening sequences. The resulting unique
sequence is the antigen-binding site for immunoglobulin
and TCR(1). TCR is a glycoprotein heterodimers linked
by disulfide bonds. There are four TCR chains that
have been identified: alpha (α), beta (β), delta (δ), and
gamma (γ) chains(2-4). The majority of T-lymphocytes
in normal population carry αβ chain (95%), and the
remaining (5-10%) carry γδ chain. Rearrangements
of TCRβ, γ, and δ genes precede that of TCRα gene.
Even though most studies indicate that rearrangement
of TCRγ genes occurs first, the exact order of the TCRβ,
γ, and δ gene rearrangement is yet to be established(1).

Lineage of T-cell neoplasms could not be reliably
deduced by immunophenotyping because T-cell antigens
are often lost, especially in post-thymic T-cell neoplasms(2).
It is reported that about 76% of peripheral T-cell
lymphoma (PTCL) lost one or more pan-T cell surface
antigen(2,4). Analyses on the TCR genes have been
developed to detect clonally derived tumour cells
because each neoplasm carries a unique rearranged
TCR gene(5-7). The lineage of some T-cell neoplasms such
as Lennert’s(8) and angioimmunoblastic lymphoproliferative
disease-type (AILD)(9) lymphomas have been confirmed
by such analyses. Although, the usefulness of this
technique has been dampened by the unavailability of
high molecular weight DNA from small biopsies and
fixed tissue for Southern blot analysis(3), advancement of
methods for isolation of DNA from paraffin-embedded
tissues and the development of polymerase chain reaction
(PCR) has enabled the analysis of such samples(3,10-12).

TCR gene rearrangement is more difficult to
demonstrate when compared to immunoglobulin heavy
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chain (IgH) gene rearrangement. Amplification of
IgH gene rearrangement is targeted at two framework
regions, which are highly conserved(13-15). In contrast,
the genomic organisation of TCR genes is highly
complex(1,4). PCR analysis of TCR gene rearrangement
has been focused on TCRβ(6,16,17), and TCRγ(10-12) due
to the complex genomic organisation of TCRα gene,
while TCRδ gene is deleted in most of the mature T-
lymphocytes(1,11,12). TCRγ gene rearrangement analysis
is favoured largely due to its simpler genomic structure.
Though TCRγ chain is only expressed in about 10%
of T-lymphocytes, the TCRγ gene is rearranged in all
normal and neoplastic T-lymphocytes(1,3,18). In a study
of T-cell non-Hodgkin’s lymphoma (NHL) by Diss et al(11),
clonal TCR gene rearrangements were detected in 44%
(24/55) and 78% (43/55) of T-NHL using PCR analysis
of TCRβ and TCRγ genes respectively. Although Krafft
et al(12) reported that analysis with TCRβ (121/169, 72%)
and TCRγ (116/169, 69%) genes yielded similar results,
in the same study, TCRγ gene analysis was able to detect
clonal TCR gene rearrangement in 32 cases that were
negative by TCRβ gene analysis. Hence, TCRγ gene
analysis is able to enhance the sensitivity of detection.

The TCRγ chain gene contains 15 Vγ, 2 Cγ and 5
Jγ gene segments(4). The Vγ gene segments are named
according to their order in the genomic organisation.
Five of the Vγ gene segments are pseudogenes, and the
remaining 10 Vγ gene segments that are rearranged are
grouped into four families according to their sequence
homologies(19). Family I of Vγ gene consists of seven Vγ
gene segments that are highly homologous, and therefore
can be amplified using a consensus primer. However,
Families II, III, and IV, each consisting of a single variable
gene segment, do not share similar homology(20). The five
Jγ gene segments are divided into two groups comprising
of Jγ1.1, Jγ1.2, Jγ1.3 located upstream of Cγ1, and Jγ2.1,
Jγ2.3 located upstream of Cγ2. PCR analysis of the TCRγ
gene rearrangement is targeted at one of the four families
of Vγ gene segments and one of the five Jγ gene segments.

This study aims to evaluate the feasibility of applying
PCR assays in detecting clonal TCRγ gene rearrangement
in formalin-fixed, paraffin-embedded tissue from a series
of T-NHL in our routine diagnosis laboratory. A number
of B-cell NHL and cases of reactive lymphoid hyperplasia
are added to determine the specificity of the technique.

METHODS
Patients’ Materials
A series of 85 T-NHL was retrieved from the archives.
These cases were evaluated and classified by a pathologist
(PSC) according to the criteria in the WHO classification
of lymphoid neoplasm(21). Formalin-fixed, paraffin-
embedded tissue sections were used for the studies
described below. Twenty-four (24) cases of B-NHL and

seven cases of reactive lymphoid hyperplasia were
included to determine the specificity of the assay.

Immunohistochemical Staining
Immunohistochemical staining was used to confirm and
classify the lymphoma cases. Immunohistochemical
staining was performed on serial sections of 4µm with
a panel of antibodies from DAKO (Denmark), unless
otherwise specified. Antibodies raised against CD3
(polyclonal) and CD20 (L26) were routinely used to
determine T- and B-cell lineage. Additional antibodies
against CD2 (NCL-CD2-271, Novocastra, United
Kingdom), CD4 (NCL-CD4-1F6, Novocastra, United
Kingdom), CD5 (NCL-CD5, Novocastra, United
Kingdom), CD8 (C8/144B), CD15 (Leu-M1, Becton-
Dickinson, USA), CD21 (1F8), CD23 (NCL-CD23-
1B12, Novocastra, United Kingdom), CD30 (BerH2),
CD43 (MT1, a gift from S. Poppema), CD56 (NCL-
CD56-1B6, Novocastra, United Kingdom), CD79α
(a gift from D. Mason), bcl-2 (clone 124), terminal
deoxynucleotidyl transferase (NCL-TdT-339, Novocastra,
United Kingdom), anaplastic lymphoma kinase protein
(ALK1) were applied in aid of sub-classification.

Antigens were retrieved by the microwave heat-
inducing method for all antibodies. A three-step
immunoenzymatic staining, with peroxidase-labelled
Avidin-Biotin Complex (ABC) system (DAKO,
Denmark) was used to localise the antigens, except
for CD5 and CD56, where peroxidase-labelled polymer
system (EnVision+, DAKO, Denmark) was employed.
The colour was developed using liquid DAB+

substrate-chromogen system (DAKO, Denmark).

DNA Extraction
DNA extraction was based on published protocols for
formalin-fixed, paraffin-embedded tissues with minor
modifications(22,23). Cell lysis was carried out on one
5µm-thick section by incubating the samples in 100-200µl
of digestion buffer containing 200µg/ml Proteinase K
(Roche Molecular Biochemicals, Germany) in 1X PCR
buffer (GIBCO BRL, USA) at 55ºC for overnight.
Proteinase K was inactivated by heating at 95ºC for 10
minutes. The samples were then centrifuged to pellet cell
debris and the supernatant was used directly for PCR assays.

Primers and PCR Conditions
The assays were carried out according to the method
described by Diss et al(11). Five assays were designed to
cover all functional Vγ and Jγ gene segments as shown
in Table I. The conditions for each mixture were
optimised empirically. Each 25-µL reaction mixture
contained 0.4 mmol/L dNTPs (MBI Fermentas,
Lithuania), 0.5 mmol/L of each primers (synthesised
by Invitrogen-GIBCO BRL, USA), 1.0U HotStarTaq
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DNA polymerase (QIAGEN, Germany), and
3.0 mmol/L MgCl2. The reaction was cycled at 15 minutes
at 95ºC to activate the DNA polymerase, followed
by 40 cycles of 95ºC for one minute, 63ºC or 55ºC for
one minute, and extension at 72ºC for one minute.

PCR amplification products were run on 10%
polyacrylamide gel (acrylamide:bis-acrylamide ratio,
29:1, BIO-RAD, USA) with 110V for two hours, using
a vertical gel system (Owl Scientific, USA). The gel
was then stained with 5µg/ml ethidium bromide
(GIBCO-BRL, USA) before viewing on UV illuminator.

Direct Sequencing of PCR Product
Two representative samples from each assay that
yielded clonal band were subjected to direct sequencing
to confirm the specificity of the assays. The PCR
products were separated on 3% low-melting point
agarose gel (HISPANLAB, Italy), and the specific band
of interest was excised from the gel and purified using
Agarose Gel DNA Extraction Kit (Roche Molecular
Biochemicals, Germany) according to the manufacturer’s
instruction. The sequencing was carried out by a service
provider, Research Biolabs Sdn. Bhd. The sequences
were compared to the deposited sequences in the
PubMed Centre by using BLAST programme.

RESULTS
Immunophenotype Expression
All the cases classified as T-NHL expressed at least
one of the T-cell markers, i.e. CD3, with or without
additional expression of CD2, CD5 or CD43 (MT1).
Ten cases (10/85, 11.8%) expressed TdT and were
classified as precursor T-lymphoblastic lymphoma
(Table II). Seventeen (17/85, 20.0%) of the peripheral
T-NHL expressed CD56, a marker for natural killer
(NK)-cell and its derivatives. These cases were sub-
grouped into nasal (13) and nasal-type (4) NK/T-cell
phenotypic lymphoma according to the primary site
of presentation. The nasal-type NK/T-cell lymphomas
were from the gastrointestinal tract (3) and testis (1).
The remaining 58 (58/85, 68.2%) cases of peripheral
T-NHL were subtyped into 26 peripheral T-cell
lymphoma (PTCL)-unspecified, 19 CD30-positive
anaplastic large cell lymphoma (ALCL) (11 T-cell
and eight null-cell), six T-angioimmunoblastic
lymphoproliferative disease (T-AILD), four primary
cutaneous T-cell lymphoma, and three immunoblastic
T-cell lymphoma. Of the 19 ALCL, 72.7% (8/11) and
100% (8/8) of the T- and null-cell ALCL expressed
ALK1 protein respectively.

TCRγ Gene Rearrangement Pattern
When one or two distinct bands were detected after
PAGE from the amplification product of any one of the
five assays, these cases were regarded as demonstrating
clonal TCRγ gene rearrangement. PCR analysis by
combination of five assays demonstrated clonal TCRγ
gene rearrangement in 81.2% (69/85) of the T-NHL in
this series (Table II). The frequency differs in different
subtypes, i.e. in 100% of T-lymphoblastic lymphoma (10/10),
null-cell ALCL (8/8), primary cutaneous T-lymphoma
(4/4), and T-immunoblastic lymphoma (3/3); 90.9% (10/11)
of T-cell ALCL; 84.6% (22/26) of PTCL-unspecified; and

Table I: PCR assays for demonstration of clonal TCRγ gene
rearrangements in T-NHL.

Assay Vγ Gene Vγ Gene Jγ Gene Annealing Product
Family Segment Segment Temperature Size

I VγI, VγIII/IV Vγ(1-8), Jγ1.1/2.1 63ºC 70bp-95bp
Vγ(10/11)

II VγI, VγIII/IV Vγ(1-8), Jγ1.2/2.2 55ºC 80bp-110bp
Vγ(10/11)

III VγI, VγIII/IV Vγ(1-8), Jγ1.3 55ºC 70bp-95bp
Vγ(10/11)

IV VγII Vγ9 Jγ1.1/2.1 55ºC 150bp-180bp

V VγII Vγ9 Jγ1.2/2.2 55ºC 160bp-190bp

Table II. The pattern of TCRγ gene rearrangement of T-NHL subtypes by PCR analyses.

Total No. Assay I Assay II Assay III Assay IV Assay IV Total
of Cases (%) (%) (%) (%) (%) (%)

T-NHL
Precursor T-lymphoblastic lymphoma 10 8 (80.0) 4 (40.0) 4 (40.0) 5 (50.0) 0 (0.0) 10 (100.0)

PTCL-unspecified 26 17 (65.4) 4 (15.4) 9 (34.6) 6 (23.1) 0 (0.0) 22 (84.6)
ALCL 19 14 (73.7) 0 (0.0) 14 (73.7) 5 (26.3) 0 (0.0) 18 (94.7)

T-cell 11 8 0 7 3 0 10
Null-cell 8 6 0 7 2 0 8

T-AILD 6 3 (50.0) 2 (33.3) 3 (50.0) 0 (0.0) 0 (0.0) 5 (83.3)
Primary cutaneous T-cell lymphoma 4 2 (50.0) 0 (0.0) 1 (25.0) 3 (75.0) 0 (0.0) 4 (100.0)
T-immunoblastic lymphoma 3 1 (33.3) 2 (33.3) 2 (66.7) 2 (66.7) 0 (0.0) 3 (100.0)
T/NK cell lymphoma 17 4 (23.5) 0 (0.0) 0 (0.0) 4 (23.5) 0 (0.0) 7 (41.2)

Nasal 13 0 0 0 3 0 3
Nasal-type 4 4 0 0 1 0 4

Total 85 49 (57.6) 12 (14.1) 33 (38.8) 25 (29.4) 0 (0.0) 69 (81.2)

B-NHL 24 0 (0.0) 0 (0.0) 0 (0.0) 4 (16.7) 0 (0.0) 4 (16.7)
Reactive lymphoid hyperplasia 7 0 (0.0) 2 (28.6) 0 (0.0) 2 (28.6) 0 (0.0) 2 (28.6)
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83.3% (5/6) of T-AILD. Interestingly, clonal TCR-γ gene
rearrangement was demonstrated in 23.1% (3/13) and
100.0% (4/4) of the nasal and nasal-type NK/T-cell
phenotypic lymphoma respectively.

Assay I demonstrated clonal TCRγ gene
rearrangement in the majority (57.6%, 49/85) of the
T-NHL, followed by assay III (38.8%, 33/85), assay IV
(29.4%, 25/85), and assay II (14.1%, 12/85). Assay V
was unable to detect clonal TCRγ gene rearrangement
in any of the cases in this series. Of the 49 cases that
showed clonal TCRγ gene rearrangement by assay I,
36.7% (18/49) of these cases were clonal for assay I
only, while the remainder 63.3% (31/49) of these
cases were clonal together with either one of the
other assays or a combination of other assays (two
together with assay II only 15 together with assay III
only, seven together with assay IV only, four together
with assays II and III, two together with assays III
and IV, and one together with assays II, III and IV).
Comparison of the assays showed that some of the
tumours demonstrated selective rearrangement of
specific Vγ gene segments. Most of the precursor
T-lymphoblastic lymphoma (8/10, 80.0%), ALCL
(14/19, 73.7%), and PTCL-unspecified (17/26, 65.4%),
and all of the nasal-type NK/T-cell phenotypic
lymphoma (4/4; 100.0%) demonstrated clonal pattern
in assay I, whereas all nasal NK/T-cell phenotypic
lymphoma (3/3, 100.0%) were demonstrated by assay IV.

Clonal TCRγ gene rearrangement was demonstrated
in four (16.7%) of the 24 B-NHL, with no specific
association with any subtype. These cases included
two Burkitt’s lymphoma, one mucosa-associated
lymphoid tissue-type lymphoma and one diffuse large
B-cell lymphoma. Clonal TCRγ gene rearrangement
in all these four cases of B-NHL were demonstrated
with assay IV. Clonal TCRγ gene rearrangement was
demonstrated in 2/7 (28.6%) reactive lymphoid
hyperplasia by both assays II and IV. None of the
B-NHL and lymphoid reactive hyperplasia showed
clonal TCRγ gene rearrangement with assay I, which
is in sharp contrast to the T-NHL.

Sequencing of two representative samples of
clonal PCR product per assay showed that the
sequences were homologous to the sequences of
TCRγ gene deposited in the PubMed Centre.

DISCUSSION
Distinction between reactive and malignant
lymphoproliferation is of utmost importance in the
management of patients. However, it is difficult to
distinguish between these two conditions in some instance,
especially in cutaneous lymphoproliferation(24,25). Frequent
lost of T-cell surface antigen during development of
neoplasm has hampered the use of immunophenotyping

in demonstrating clonal T-cell proliferation(2,4). Previous
studies on immunoglobulin heavy chain (IgH) and TCR
genes rearrangement have indicated the usefulness of
these techniques in demonstrating clonal proliferation
of B- and T-cell respectively(7,10-15).

The results from this study indicate that clonal
TCRγ gene rearrangement in most of the T-NHL can
be demonstrated using assay I and assay III, which
target at the VγI family. This is especially true in

Fig. 1: Amplification of TCRγ Gene in T-NHL by five assays targeting
all the functional Vγ and Jγ gene segments.

Fig. 1a: Amplification of assay I (Lanes 1-6) and assay II (Lanes
7-12). M1 denotes 25bp DNA ladder. Lanes 1-4 represent clonal
rearrangement from T-NHL, while Lanes 5 and 6 represent polyclonal
amplification from a T-NHL and reactive lymphoid hyperplasia
respectively. Lanes 7-10 are clonal amplification for assay II, and
Lanes 11 and 12 do not have detectable product.

Fig. 1c: Amplification of assay IV. M2 denotes 100bp DNA ladder.
Lanes 2-7 and 9 represent clonal rearrangement, Lanes 1 and 8 do
not have detectable product. Lanes 4 and 9 are considered as clonal
as a distinct band can be identified in the background polyclonal smear.

Fig. 1b: Amplification of assay III. Lanes 1, 4, 5 represent clonal
amplification, Lane 2 is a polyclonal smear and Lanes 3 and 6 do not
have detectable product.



precursor T-cell lymphoblastic lymphoma, ALCL and
PTCL-unspecified, where most of the cases were
detected by these assays. This may be explained by
the fact that a great majority (approximately 70%) of
TCRγ rearrangements in lymphoid malignancies
preferentially use members of the VγI family of the
TCRγ gene(26,27). However, supplement with assay IV
is necessary to achieve a satisfactory detection rate as
assay IV demonstrated clonal TCRγ gene rearrangement
in 30.6% of the cases. Assay IV significantly improved
the sensitivity of detection in certain subtypes such as
ALCL and NK/T-cell phenotypic lymphomas. Fodinger
et al reported similar findings where 73% (52/71) of
the cases were amplified by VγI family, 15% (11/71)
by Vγ9, 6% (4/71) each by Vγ10 and Vγ11(28).

NK-cells are known to lack TCR gene rearrangement.
Hence, the cases of nasal NK/T-cell phenotypic lymphomas
that showed clonal TCRγ gene rearrangement might
represent cases of γδ T-cell lymphomas. γδ T-cell
lymphoma is a distinct entity first identified in the
spleen and liver(29), and expresses CD56. This group of
hepatosplenic γδ T-cell lymphomas show distinct histology
and clinical behaviour. Studies reported that some
extranodal T-cell lymphomas, especially those presented
in the nose, gastrointestinal tract and skin fit into this
category(30-33), and are indeed γδ T-cell lymphoma rather than
true NK-cell lymphoma(32-37). In addition, these cases were
preferentially amplified by assay IV, in contrast to PTCL-
unspecified, in which the majority were clonal by assay I.
Assay IV targets at the Vγ9 and Jγ1.1/2.1 gene segments
of the TCRγ gene. This is in accordance with report that
most human γδ T-cells express Vγ9/Vδ2 TCR chain(38).

Clonal TCR gene rearrangement is useful in
determining clonal nature and T-cell lineage of some
tumours. The T-cell lineage of Lennert’s and AILD
lymphomas was first confirmed through the TCR gene
rearrangement studies(8,9). Likewise, null-cell ALCL,
which lack both T- and B-cell antigenic expressions,
speculated to be derived from T-cell because it usually
expresses cytotoxic molecules such as perforin,
granzyme B and TIA-1 was confirmed as T-cell
genotype(39). In this study, clonal TCRγ gene
rearrangement was demonstrated in all cases of null-
cell ALCL, in accordance with the report by Foss et al(40).

However, TCRγ gene rearrangement is not lineage-
specific, and its interpretation should be supported by
immunophenotyping. Dual rearrangement involving
IgH gene and T-cell receptor (TCR) gene had also
been reported previously on both T-cell and B-cell
lymphomas(7,12,25,41,42). Clonal TCRγ gene rearrangement
was found in 16.7% (4/24) of B-NHL in this study. In
a study of 80 NHL, Garcia et al also reported lineage
infidelity in 21% of B-NHL, and 16% of T-NHL(43). It is
postulated that dual rearrangement is due to aberrant

254 : 2003 Vol 44(5) Singapore Med J

activation of the recombinase machinery(2,5,25). This
hypothesis is supported by the existence of similar
structural configurations and a common recombinase
enzyme for both IgH and TCR genes rearrangements(3,25,41).
Therefore, the tumour cell should only be considered as
T-cell type if it does not express any B-cell surface antigen.

A disadvantage of TCRγ gene rearrangement
analysis is the narrow range of the PCR product size.
The PCR products for assay I, II, and III range from
70bp to 110bp, whereas assay IV and V range from
150bp to 190bp. Polyclonal or oligoclonal infiltrating
T-cells that give a restricted smear may appear as a
single band on agarose gel. Several separation methods
have been employed to achieve higher resolution. These
methods include polyacrylamide gel electrophoresis(10-12),
denaturing gradient gel electrophoresis (DGGE)(44,45),
heteroduplex analysis(3,46), PCR-single-stranded
conformational polymorphism (SSCP) analysis(47) as well
as sequencing(26) and automated high-resolution
analysis(48,49). Sequencing and automated high-resolution
analysis is expensive and requires dedicated equipment,
whereas DGGE, PCR-SSCP and heteroduplex analysis
are technically more demanding than PAGE. Therefore,
most studies apply PAGE and it is a technique which
is easier and feasible for our need.

CONCLUSION
This study showed that TCRγ gene rearrangement by
PCR could be applied in paraffin-embedded tissues.
It is a useful technique in distinguishing reactive
and malignant lymphoproliferation. However, TCRγ
gene rearrangement is more complex than IgH
gene rearrangement and the results should always
be interpreted in compliance with histology and
immunophenotype findings. Designation of T-cell
lineage by the use of clonal TCRγ gene rearrangement
should only be made if the tumour cell does not express
any B-cell marker. This study also identifies a group
of lymphoma that express CD56 antigen, but carry
rearranged TCRγ gene. Further study is being carried
out to describe this group of lymphoma.
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