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The polymerase chain reaction in the
demonstration of monoclonality in T cell
lymphomas

T C Diss, M Watts, L X Pan, M Burke, D Linch, P G Isaacson

Abstract
Aims-To evaluate polymerase chain re-
action (PCR) amplification of T cell re-
ceptor (TCR) P and y chain genes as a
means of demonstrating monoclonality in
T cell lymphomas using histological
samples; to compare the performance of
PCR with Southern blot analysis.
Methods-TCR-P, TCR-y and inmnuno-
globulin heavy chain (IGH) genes were
analysed using PCR in 55 cases of T cell
lymphoma (28 frozen tissue and 27 paraffin
wax embedded samples), diagnosed using
morphological and immunohistochemical
criteria. The 28 frozen samples were sub-
jected to Southern blot analysis using
TCR-P, TCR-y and IGH gene probes.
Twenty five B cell lymphomas and 21 non-
neoplastic lymphoid tissue samples were
used as controls.
Results-Using TCR-P PCR, mono-
clonality was detected in 24 (44%) of 55 T
cell lymphomas compared with 43 (78%)
of 55 using TCR-y PCR and in 82% with
both techniques. Five (9%) of 55 T cell
lymphomas were IGH PCR positive. None
of the non-neoplastic lymphoid control
samples were PCR positive. All B cell
lymphomas showed a polyclonal pattern
with TCR-P PCR while a single B cell
lymphoma was positive using TCR-y
primers. With TCR-P PCR, a monoclonal
result was seen in 12 (43%) of 28 frozen
samples of T cell lymphoma, compared
with 23 (82%) of 28 using Southern blot
analysis. With TCR-y PCR, 19 (68%) of 28
frozen tissue samples were positive, com-
pared with 26 (93%) of 28 using Southern
blot analysis. A single case showed IGH
rearrangement by Southern blot analysis.
Conclusion-TCR-y PCR should be the
method of choice for analysis of clonality
in paraffin wax embedded sections of
lymphoproliferative lesions, as TCR-P
PCR has a high false negative rate. South-
ern blot analysis remains the most suc-
cessful technique when sufficient fresh
tissue samples and resources are available.
(JT Clin Pathol 1995;48:1045-1050)

Keywords: Monoclonality, PCR, T cell lymphoma, T
cell receptor 3 and y.

Distinction between benign and malignant
T cell lymphoproliferative disease can be
difficult using morphological criteria. For ex-
ample, low grade T cell lymphomas presenting
in the skin can be indistinguishable from re-

active conditions, even with the aid ofimmuno-
phenotyping.' The best available marker of T
cell malignancy is T lymphocyte monoclonality,
which is rarely encountered in non-neoplastic
disease. However, monoclonality of T cells,
unlike that of B cells, cannot be reliably de-
duced by immunophenotyping. Studies ofgene
rearrangement using Southern blot analysis of
restriction fragments of T cell receptor (TCR)
a(3 j, y, or 6 chain genes permit identification
of monoclonal populations of T cells.2 Un-
fortunately, these techniques are time con-
suming, use radioactive isotopes and depend
on the availability of fresh/frozen tissue
samples, and thus have not progressed from the
research laboratory to the diagnostic service.
Alternative approaches based on the amp-
lification of TCR genes using the polymerase
chain reaction (PCR) have been devised which
can also detect monoclonal populations of T
cells and are rapid, do not use radioisotopes
and can be applied to paraffin wax embedded
tissue samples.7 PCR methods are based on
size analysis of amplified variable regions and
rely on the fact that monoclonal populations
give rise to PCR products of discrete size rather
than the wide range of product sizes char-
acteristic of polyclonal populations. The TCR-
3,5_y467 or _68 genes have been the favoured

targets for detection of monoclonal T cells
as the TCR-oa gene is highly complex. For
evaluation of T cell lymphomas in general,
amplification of TCR-P and -y is the most
promising as the -6 chain gene is frequently
deleted in mature T cells.' At present, it is
unclear whether targeting the TCR-[ or the
-,y chain gene offers the most efficient means
of demonstrating monoclonality in lympho-
proliferative lesions and whether PCR offers a
viable alternative to Southern blot analysis. In
order to help the pathologist to select the most
appropriate techniques, we have extended and
evaluated previously published PCR protocols
for amplification ofTCR-P and -y chain genes.
In cases where frozen, unfixed tissue samples
were available, Southern blot analysis has been
carried out, using probes to the TCR-3 and
-y chain genes, in order to compare PCR with
the gold standard technique.

Detection of clonal antigen receptor gene
rearrangement can also be used to determine
lineage of lymphoproliferation.1' Some lymph-
omas, however, carry apparently inappropriate
antigen receptor gene rearrangements,'l
prompting us to assess PCR amplification of
the immunoglobulin heavy chain (IGH) gene
in addition to TCR genes.
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Methods
Tissue samples were obtained from the archives
of the Histopathology Department at Uni-
versity College London Medical School and
from a Leukaemia Research Fund study fin-
anced by the British National Lymphoma In-
vestigation (BNLI) based at Mount Vernon
Hospital, London. DNA extracts from frozen,
unfixed tissue samples were made using a

standard technique and from paraffin wax

blocks using the method of Wright and
Manos.'2 DNA samples from 55 cases of T
cell lymphoma were analysed, diagnosed using
morphological and immunophenotypic criteria
and classified according to the revised Euro-
pean-American Lymphoma Classification.'3
The 28 frozen tissue samples comprised 11
cases of intestinal T cell lymphoma, 12 of
peripheral T cell lymphoma, two precursor T
lymphoblastic lymphomas, one anaplastic large
cell lymphoma, and two cases of mycosis fung-
oides. The 27 paraffin wax embedded tissue
samples included nine peripheral T cell lymph-
omas, four precursor T lymphoblastic lymph-
omas, eight anaplastic large cell lymphomas,
one case of mycosis fungoides, four angio-
immunoblastic T cell lymphomas, and one

unclassified T cell lymphoma (necrotic).
Twenty five frozen tissue samples of B cell
lymphoma with PCR detectable IGH gene re-

arrangements (five small lymphocytic (B-
CLL), five MALT type, five mantle cell, five
follicular centre, and five large cell), the T cell
lines Jurkatt and CEM-CCRF, and the Raji B
cell line were also studied. Twenty one non-

neoplastic controls comprised 10 paraffin wax
sections ofhyperplastic tonsil and 11 peripheral
blood lymphocyte samples (seven from healthy
donors, three from subjects with infectious
mononucleosis and one from a patient with a

postsplenectomy lymphocytosis).

POLYMERASE CHAIN REACTION
TCR-f3 chain gene

Amplification of the TCR-1 chain gene was

carried out using the technique described by
McCarthy et aP in five separate reactions with
the following primer combinations: V +J1,
V+J2, DI +J1, Dl +J2, D2+J2 (table 1). Re-
action mixtures contained 10mM Tris/HCl
(pH 9), 50mM KCI, 0p1% Triton-X 100,
250 ng of each primer, 200 ,uM of each dNTP,
1-1 5mM MgC12, 100 ngDNA (or 2 and 5 ,ul
of paraffin wax section extract), and 1 unit of

Table 1 Sequences and sources ofprimers
Primer Sequence Reference

TcR-3
V 5'-TGTATCTCTGTGCCAGCAG-3' 5
Dl 5'-CAAAGCTGTAACATTGTGGGGAC-3' 5
D2 5'-TCATGGTGTAACATTGTGGGGAC-3' 5
Ji 5'-ACAGTGAGCCGGGTTGCC-3' 5
J2 5'-AGCACCGTGAGCCTGGTGCC-3' 5

TcR-y
VyI 5'-TCTGGG/AGTCTATTACTGTGC-3' 6 (Vyll)
VyIII/IV 5'-CTCACACTCCTCACTTC-3' 6 (VylOl)
Jyl/2 5'-CAAGTGTTGTTCCACTGCC-3' 6 (Jyl2)
JP,yl/2 5'-GTTACTATGAGCT/CTAGTC-3' 6 (JPy1I2)
VyII 5'-GAAAGGAATCTGGCATTCCG-3' Short M, personal

communication
JPy 5'-TTGTTCCGGGACCAAATACC-3' 14

Taq polymerase (Promega, Southampton, UK)
in a total volume of 50 t1. After an initial
denaturation step at 95°C for seven minutes
("hot-start"), the Taq enzyme was added at
58°C followed by 40 cycles of one minute at
93°C, one minute at 58°C, and two minutes
at 72°C (seven minutes on the last cycle) on
a thermal cycler (Hybaid, Teddington, UK).
Products were run on 10% polyacrylamide gels,
stained with ethidium bromide and viewed un-
der ultraviolet light. All samples were studied
in duplicate.

Samples giving rise to a total of one or two
clearly visible, discrete fragments within the
expected size range (55 to 100 base pairs) and
of the same size in both amplifications were
scored as positive (monoclonal); those giving
rise to a smear of products or an inconsistent,
weak "ladder" pattern of amplification were
scored as negative (polyclonal). If no products
were seen, the reactions were presumed to have
failed and were repeated.

TCR-y chain
The TCR-'y chain gene was amplified using
the method described by McCarthy et at
("PCR7y1"; table 1, fig 1) using two reactions
with primers VyI + VyIII/IV +Jyl/2 (product
sizes approximately 70-95 base pairs) and
VyI+VyIII/IV+JP'yl/2 (product sizes 80-110
base pairs). As these primers do not target
rearrangements involving the VyII or JP seg-
ments, extra primers were used to investigate
their usefulness ("PCRy2"; table 1, fig 1). Re-
actions were carried out as follows: VyyII+Jy1/2,
V,yII+JPyl/2, VyI+VVyIII/IV+JPy (product
sizes approximately 150-180, 160-190 and
70-95 base pairs, respectively). After de-
naturation at 95°C for seven minutes, Taq
polymerase was added at 55°C followed by 40
cycles of one minute at 93°C, one minute at
55°C, and one minute at 73°C (seven minutes
on the last cycle). Otherwise, reaction mixtures,
analysis of products and interpretation were
carried out as for the TCR-0 analysis with
the exception that a MgCl2 concentration of
1-5 mM was used in all reaction mixtures.

Immunoglobulin heavy chain gene
Amplification of the IGH gene from the frame-
work 3 part of the V segment to the J region
was carried out as previously described.'6 Anal-
ysis of products and interpretation of results
were as described above for TCR-f amp-
lification.

Southern blot analysis
High molecular weight DNA extracts from the
28 frozen samples of T cell lymphoma were
digested with restriction enzymes EcoRI,
HindIII and BamHI. Digests were separated
on 0-8% agarose gels and blotted onto nylon
membranes. Blots were hybridised sequentially
to 3P labelled probe CG for TCR-,'7 pH60
for TCR-y'8 and JH for the IGH gene,'9 washed
under stringent conditions and exposed to x
ray film at - 70°C for three to five days. Mem-
branes were stripped ofradiolabel by washing in
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Figure I (A) Organisation of the germline TCR-y chain gene. The V and J segments targeted by PCRy1 primers are
shown as open boxes. VyI primer binds to all VyIfamily members; the VyIIIIIV primer binds to V10 and Vli (families
III and IV); _7yl2 is complementary to J7yl and Jry2; JT 1 2 binds to JPI and J7P2. Additional segments targeted by
PCRy2 primers are shown as solid boxes; VyII binds to V9 and the JP primer binds to Jp. Pseudogenes, VA and VB,
are shown as shaded boxes (not targeted) and the constant region clusters (Cl and C2) are shown as large shaded
boxes. 5 (B) Rearranged TCR-y chain gene showing the primer positions which permit amplification of V-N-J regions.

Table 2 Southern blot and PCR results, shown as numbers of monoclonal cases

TCR-fl TCR-y IGH

n Blot PCR Blot PCRI PCR2 Blot PCR

T cell lymphoma
frozen tissue 28 23 (82%) 12 (43%) 26 (93%) 19 (68%) 3 (11%) 1 (4%) 2 (7%)
paraffin wax sections 27 NA 12 (44%) NA 23 (85%) 1 (4%) NA 3 (11%)
total 55 - 24 (44%) - 42 (76%) 4 (7%) - 5 (9%)

B cell lymphoma 25 - 0 (0%) - 1 (4%) 0 (0%) 25/25* 25/25*
Controls 17 - 0 (0%) - 0 (0%) 0 (0%) - 0 (0%)
* These cases were selected on the basis of a rearranged Ig heavy chain gene.

boiling 0 5% sodium dodecyl sulphate between
hybridisations. Following hybridisation to C,B
and JH probes, cases which showed one or two
non-germline bands on the radiographs with

M 1 2 3 4 5 6 7

Figure 2 Polyacrylamide gel of TCR-f PCR products (D2+_r2 primers). Lane M
PhiX-HinfI molecular weight markers (100 base pairfragment is arrowed); lane 1,
negative control (no DNA); lane 2, hyperplastic tonsil; lane 3, B cell lymphoma; lanes 4
and 5, intestinal T cell lymphomas; lane 6, peripheral T cell lymphoma; and lane 7,
angioimmunoblastic T cell lymphoma. Lanes 4 and 5 were interpreted as positive
(monoclonal), and lanes 6 and 7 as negative (polyclonal). The weak band visible in lane
7 was not seen on duplication of the reaction and therefore did not satisfy the adopted
criteria for monoclonality.

one or more restriction digests were scored as
positive (monoclonally rearranged) and those
showing only germline bands were scored as
negative. Because of the limited diversity of the
TCR-y chain gene, polyclonally rearranged T
cell populations give rise to a predictable ladder
of bands in addition to germline fragments20
which are clearly seen following digestion with
EcoRI or HindLII and hybridisation with the
pH60 probe. Samples which showed the pres-
ence of one or two bands distinctly stronger
than the other rearranged fragments with one or
more restriction digests were scored as positive
and those which showed only a germline or
typical polyclonal ladder were recorded as neg-
ative.

Results
TCR-1
After optimisation, which required meticulous
control of reaction conditions, 24 (44%) of 55
cases ofT cell lymphoma analysed using TCR-
[ PCR showed a monoclonal pattern of one or
two discrete bands and the remainder showed
a polyclonal pattern ofa smear ofPCR products
(table 2; fig 2). Of the frozen tissue samples,
12 (43%) of 28 were positive compared with
82% positive by Southern blot analysis; the five
cases negative on Southern blot analysis were
also PCR negative. Twelve (44%) of the 27
paraffin wax samples were PCR positive. In 12
of the 24 samples found to be rearranged on
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Southern blot analysis, clonal bands were seen

with only one of three restriction enzymes. In
the fresh tissue extracts primer pairs V+J1,

iVI

Figure 3 (A) Polyacrylamide gel of TCR-y PCR products (PCRyl VyI-III/IV-J112
primers). Lane M, PhiX-Hinfp molecular weight markers (100 base pairfragment is
arrowed); lane 1, negative control (no DNA); lane 2, hyperplastic tonsil; lane 3, B cell
lymphoma; lane 4, intestinal T cell lymphoma; lane 5, mycosis fungoides; lane 6,
peripheral T cell lymphoma; and lane 7, angioimmunoblastic T cell lymphoma. Lanes 4,
5 and 6 were interpreted as positive (monoclonal), and lane 7 as negative (polyclonal).
(B) Polyacrylamide gel of TCR-y PCR products (PCRyl VyI-III/IV-JP112 primers).
Lane M, PhiX-Hinfl molecular weight markers (100 base pair fragment is arrowed);
lane 1, negative control (no DNA); lane 2, hyperplastic tonsil; lane 3, B cell lymphoma;
lanes 4 and 5, intestinal T cell lymphomas; lane 6, peripheral T cell lymphoma; and lane
7, angioimmunoblastic T cell lymphoma. Lanes 4, 5 and 6 were interpreted as positive
(monoclonal), and lane 7 as negative (polyclonal).

Table 3 Total numbers of cases and alleles amplified by
each primer set

TCR gene Primer set Cases Alleles

13 V-J1 1 1
13 V-J2 8 8
3 Dl-Jl 3 3
13 Dl-J2 4 4
13 D2-J2 18 18
y (PCRy1) VyI-VyIII/1V-J1/2 25 34
y (PCRy1) VyI-VyIII/IV-JP1/2 23 26
y (PCRy2) VyII-J1/2 3 3
y (PCRy2) VyH-JP1/2 1 1
y (PCRy2) Vyl-VyIIIIIV-JP 1 1
IGH FR3-JH 5 5

V+J2, D1 +J1, D1 +J2, and D2 +J2 all pro-
duced at least one positive result, with D2 +J2
being the most useful set (18 of 24 positive
results; table 3). In four cases a total of three
bands was seen, but in each case an identically
sized fragment was amplified with Dl+J2 and
D2 +J2, suggesting that the two D primers
sometimes cross-react. All cases which showed
a germline Southern blot were PCR negative.
The Jurkatt and CEM-CCRF T cell lines were
both positive, whereas the Raji B cell line was
negative. Using PCR, 25 B cell lymphomas
and 21 non-neoplastic lymphoid tissue extracts
all showed a polyclonal pattern.

TCR-y
TCR-y PCR was easier to optimise and was
more robust than TCR-1 PCR. Using the
method described by McCarthy et al,6 42 (76%)
of 55 cases of T cell lymphoma were mono-
clonal (table 2; fig 3). Occasional cases gave
rise to variable ladders rather than product
smears. Of the 28 frozen tissue samples, 19
(68%) were monoclonal by PCR compared
with 93% by Southern blot analysis. In nine
of 26 Southern blot analysis positive cases a
rearranged band was seen in only one re-
striction enzyme digest. Both samples negative
on Southern blot analysis were also PCR neg-
ative. Twenty three (85%) of 27 paraffin wax
samples were PCR positive. Supplementing the
PCR analysis of TCR-y with primers Vy1I and
JPy (PCRy2) increased the overall detection
rate ofTCR-y PCR from 76 to 78%. Although
five cases showed a monoclonal pattern using
these primers (table 3), only one was negative
with PCRyL. Both T cell lines were positive
and the B cell line negative. One of the 25 B
cell lymphomas (a large cell tumour), though
none of the 21 non-neoplastic lymphoid
samples, showed a dominant band. Use ofboth
TCR-,B and -y PCRs together permitted the
detection of 82% of T cell lymphomas.

IMMUNOGLOBULIN HEAVY CHAIN GENE
Five (9%) of 55 T cell lymphomas showed
clonal rearrangement of the IGH gene, as de-
termined by PCR; the remainder produced
a smear of products. The monoclonal cases
comprised one intestinal, two precursor and
two angioimmunoblastic T cell lymphomas.
All genotypic data for these cases are shown in
table 4. Of 28 frozen tissue cases analysed, two
were PCR positive, one of which showed JH
rearrangement on Southern blot analysis.
PCRresults for each disease group are shown

in table 5.

Discussion
Previous PCR based investigations have shown
monoclonality in 50-76% ofT cell lymphomas
using TCR-,13 primers521 and in 58-100% using
TCR-y primers.4672123 However, these studies
have assessed few cases, or have analysed a
single disease entity (mycosis fungoides23), a
single TCR gene45722 or have presented no
Southern blot data.2' The present study is the
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Table 4 Results ofPCR and Southern blot analysis of immunoglobulin (Ig) heavy chain positive T cell lymphomas

Case Diagnosis (3-blot P-PCR y-blot y-PCR Ig-blot Ig-PCR

1 Intestinal T cell lymphoma R - G - G +
2 Precursor T lymphoblastic lymphoma R - R - R +
3 Precursor T lymphoblastic lymphoma ND - ND - ND +
4 Angioimmunoblastic T cell lymphoma ND - ND + ND +
5 Angioimmunoblastic T cell lymphoma ND - ND + ND +

R= rearranged; G= germline; ND = not done (no fresh tissue available).

first to provide a direct comparison between
detection of TCR-P and TCR-y re-
arrangements using both PCR and Southern
blot analysis in a range of lymphoma types.
On PCR analysis of 55 cases ofT cell lymph-

oma monoclonality was detected in 44% of
cases with TCR-P and in 78% with TCR--y
primers. Thus, TCR-P PCR was significantly
less sensitive in demonstrating monoclonality
than TCR-,y PCR. This may be because the
TCR-P primers are consensus sequences tar-
geted to a large number of diverse germline
segments,5 whereas the TCR-'y primers fit
closely to a limited number of targets.6 It is also
possible that a higher proportion ofmalignantT
cell clones carry TCR-y chain gene re-
arrangements than -P, a view supported by
Theodorou et al.24 A further disadvantage of
TCR-P PCR is the requirement for five primer
pairs in the analysis, although a single set
(D2 +J2) detected 75% of the TCR-[ positive
cases.
Both TCR-P and TCR-y PCR results using

paraffin wax embedded tissue samples were
comparable to those obtained using frozen,
unfixed tissue, confirming that these techniques
are suitable for routinely processed

21 22
specimens.
Monoclonal bands were not seen in B cell

lymphomas using TCR-1 PCR. This suggests
that the technique can help to define lympho-
cyte lineage in histological material, although
the high incidence of false negatives will reduce
its usefulness. A single case ofB cell lymphoma
showed clonal rearrangement of the TCR-y
chain gene. Previous studies have shown that
a proportion of B lineage tumours carry re-
arranged TCR-y chain genes, notably in B
lymphoblastic disease.25
No false positive TCR-P or TCR-y PCR

results were seen in 21 non-neoplastic lymph-
oid tissue samples, although we have recorded
an unexpected reproducible dominant band
using TCR-'y PCR in a case of hepatitis, with
no evidence of involvement by lymphoma (un-
published data). Furthermore, analysis of in-
testinal intraepithelial lymphocytes from
patients with non-lymphomatous, non-inflam-
matory disease has shown that dominant

Table S PCR results for each T cell lymphoma subtype studied

Lymphoma TCR-,B TCR-ny* IGH

Intestinal T cell lymphoma 5/11 (45%) 6/11 (55%) 1/11 (9%)
Peripheral T cell lymphoma 8/21 (38%) 18/21 (86%) 0/21 (0%)
Precursor T lymphoblastic lymphoma 2/6 (33%) 4/6 (67%) 2/6 (33%)
Anaplastic large cell lymphoma 4/9 (44%) 7/9 (78%) 0/9 (0%)
Mycosis fungoides 2/3 (67%) 3/3 (100%) 0/3 (0%)
Angioimmunoblastic T cell lymphoma 2/4 (50%) 4/4 (100%) 2/4 (50%)
Unclassified T cell lymphoma 1/1 (100%) 1/1 (100%) 0/1 (0%)
Total 24/55 (44%)t 43/55 (78%)t 5/55 (9%)
* PCRy1 + PCRy2; tPCR-I3 and PCR-y together 45/55 (82%).

clones are present within T cell subsets, pre-
sumably responding to restricted numbers of
antigens."6 Studies to determine whether such
clones may be detectable in small gas-
trointestinal biopsy specimens using the
methodology described here are in progress.
Monoclonal populations of T cells have also
been described in peripheral blood specimens
of elderly subjects.27 Although results to date
suggest that PCR detectable monoclonality is
rare in non-neoplastic T cell disease, further
studies are necessary to clarify this issue. It is
evident that the presence of a dominant T cell
clone does not necessarily equate to malig-
nancy, therefore close correlation ofPCR anal-
ysis with standard histological assessment is
essential to minimise the risk of misdiagnosis.
The addition of extra primers to the TCR-y

analysis (PCR-y2) did not significantly increase
the detection rate (from 76 to 78%). Further
refinement ofPCR techniques for amplification
and analysis ofTCR-y chain genes may permit
detection of a higher proportion of re-
arrangements. For example, by mixing multiple
primers targeting all predictable re-
arrangements in single tube reactions or by
the use of GC-clamped primers designed to
enhance separation on denaturing gradient
gels.28 However, improvements in sensitivity by
alternative methods of product analysis may
more frequently lead to detection of expanded
clones which do not correspond to neoplasia.
Such methods may therefore be more ap-
propriate during follow up rather than at diag-
nosis. It may be necessary to include
quantitative criteria in the definition of dom-
inant clones, rather than relying on the sens-
itivity of the methodology to provide the
threshold.
Our finding of IGH gene rearrangement in

9% of our T cell lymphomas is perhaps sur-
prising. Misdiagnoses on morphology and im-
munophenotype are a possibility, although, in
all but one case, TCR gene rearrangement was
also shown by PCR or Southern blot analysis
or both (table 4). In the light ofprevious reports
in which IGH gene rearrangements have been
observed in precursor and angioimmunoblastic
T cell lymphomas,2950 it is evident that IGH
rearrangements in these tumours are not un-
common. Four of the five IGH rearrangements
observed here were in these lymphoma sub-
types. A further possibility is that minor dom-
inant B cell clones were present in these
samples, although in one of the two cases stud-
ied using Southern blot analysis a JH re-
arrangement was demonstrated, confirming the
presence of a major IGH rearranged clone.
These observations reinforce the view that a T
or B cell phenotype cannot be inferred from a
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single antigen receptor amplification, although
the presence of a TCR or IGH rearrangement
in the absence of the other may be regarded as

strong evidence of, respectively, a T or B cell
lineage.
Southem blot analysis was more successful

at detecting TCR-1 or -,y rearrangements than
PCR, presumably because a lack of primer
binding caused false negative PCR reactions in
a proportion of cases. However, as the Southern
blot technique may present problems of in-
terpretation3" and cannot be applied to paraffin
wax embedded material, the PCR approach is
of more practical use in histopathology.

In conclusion, TCR-y PCR should be the
method of choice for analysis of clonality of T
cell lymphoproliferations in paraffin wax em-

bedded tissue samples, as it permits am-
plification of a higher proportion of malignant
clones than TCR-1 PCR. A simple approach
using two primer sets is sufficient to detect
most rearrangements, although extra primers
may be of use in a minority of cases. Southern
blot analysis remains the most successful tech-
nique when fresh/frozen tissue samples and
resources are available.

We are grateful to Professor R Goudie, Mike Short and
Genevieve Belleaneau for assistance in selection of primers for
TCR-y amplification. Supported by the Leukaemia Research
Fund and the Cancer Research Campaign.
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