




Diagnosis ofLGL leukaemia by Southern blot and PCR analysis of clonal T cell receptor gene rearrangements

Table 2 Southern blot hybridisation and PCR results showing TCRJ3 and TCRy clonal gene rearrangements of 12
patients with LGL lymphocytosis

Southern PCR of TCR,B and TCRy clonal gene rearrangements
Case blotting with Cfl
number probe VJ.fJflI VflJfl2 Dfl1J2 Dfl2Jfl2 Vy101, Vll,_Jy12

01 + + _ +
02 + + + + +
03 + + + +
04 + + + + +
05 - +
06
07 -
08 + + + +
09 + +
10 + + + + +
11 - - -

12 N/A + + +

N/A, not available due to insufficient DNA for analysis.

into the PCR mix. Pipettes were used only with
disposable filter pipette tips (Anachem Ltd,
Luton) to prevent contaminants entering and
lodging in the barrel of the pipette, and to pre-
vent the possibility of any contaminants from
the pipette being placed into the PCR mix.
Latex medical gloves were worn and changed
frequently, especially after temporarily leaving
the safety cabinet. Primers, dNTPs, and sterile
distilled water (Antigen Pharmaceuticals,
Roscrea, Ireland) were aliquoted into small
volume working solutions and stored at -20°C.
These working solutions were used once only
and thrown away after the preparation of each
PCR mix. All 1.5 ml Eppendorf tubes and
0.5 ml microtubes were autoclaved in sealed
glass containers that were opened briefly within
the safety cabinet during the preparation of the
PCR.

SENSITIVITY
A DNA mixing experiment was performed
consisting of serial dilutions of a known sample
ofDNA positive for TCRJ MGRs with normal
DNA. The concentrations ranged from neat to
1 0` which represented a concentration of 1 ig
to 0.01 ng of the clonal DNA sample. Each of
the serial dilutions was amplified by PCR
under the conditions described above.

Results
COMPARISON BETWEEN SB HYBRIDISATION AND
PCR
Table 2 shows the results of SB hybridisation
and PCR analysis of the 12 patients with
persistent LGL lymphocytosis. Five cases
(42%) showed TCR,B MGRs by SB hybridisa-
tion, six cases (50%) showed no clonal
rearrangements, and one case did not produce
a reliable result because of weak signals caused
by insufficient DNA on the nylon membrane.

Figure 1 shows a series of positive and nega-
tive results obtained by PCR using a variety of
primers for TCRI and TCRy gene rearrange-
ments. A distinct PCR band located within the
specific molecular size range of 55 to 110 base
pairs can be seen for each of the positive cases.
The negative control samples show a diffuse
smear in this region confirming a negative
result. A series of high molecular weight PCR
bands can also be seen in both the positive and
negative DNA samples. These bands are

110 bp- -11C) bp

55 bp- 1)mb

Figure 1 Polyacrylamide gel analysis ofPCR products
detecting TCR/3 and TCRy clonal gene rearrangements. M,
molecular weight markerpBR HaeIII. Lane 1, patient with
LGL lymphocytosis (case 03) with VJ/f31,B primers; Lane 2,
normal individual with VflJfI primers; Lane 3, patient
with LGL lymphocytosis (case 02) with V/IJ/32 primers;
Lane 4, normal individual with V/l3Jfl2 primers; Lane 5,
patient with LGL lymphocytosis (case 02) with DflJfl1
primers; Lane 6, normal individual with D3Jfl1 primers;
Lane 7, patient with LGL lymphocytosis (case 04) with
DflJ7f2 primers; Lane 8, normal individual with DflJfl2
primers; Lane 9, patient with LGL lymphocytosis (case 01)
with Vy11, Vyl01,Jfy12 primers;Lane 10, normal
individualwith Vyll, Vy101,J7y12primers.Additional
high molecular weight PCR bands can be seen for both
normal and clonalDNA specimens. These PCR bands are
non-specific and are not considered to represent clonality as
they do notfall into the predicted size range for positive
TCRf or TCRy MGRs.

non-specific and are a feature of all normal
DNA samples as they do not fall within the
predicted size range for positive clonal
MGRs.'4 The five cases shown to have TCR3
MGRs by SB hybridisation were also demon-
strated by PCR using four combinations of
TCRI3 primers. Positive results from partial
(D-J) and complete (V-J) TCRf MGRs were
indicated by a discrete band ranging in size
from 55 to 100 base pairs as suggested by
McCarthy et al." Two particular patients (cases
03 and 10) were negative by SB hybridisation
but were strongly positive after PCR amplifica-
tion with the partial and complete TCR,B
primer combinations. An additional patient
(case 12) who could not be analysed reliably by
SB hybridisation due to insufficient DNA was
also determined by PCR to have partial TCRf
MGRs. Thus, eight patients (67%) were found
to have TCR3 MGRs by PCR, and the
remaining four cases (33%) had no detectable
TCRO MGRs.

In addition to TCR,B gene rearrangement,
seven cases (58%) were found to have TCRy
MGRs by PCR analysis. Positive TCRy MGRs
were indicated by a distinct PCR band in the
range of 70 to 110 base pairs.'2 Combining the
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Table 3 Sensitivity assay of complete and partial TCR,B primers

Leukaemic DNA + normal DNA
Concentration of
leukaemic DNA in clonal Total number of cells in Complete TCR/ Partial TCR/B

% clonal DNA PB sample (ng) clonal PB sample* (VflJ/J2) (Dfl2J/12)

100 1000 1 x 106 + +
50 500 5 x 105 + +
40 400 4 x 10' + +
30 300 3 x 105 + +
20 200 2 x 105 + +
10 100 1 X 105 + +
5 50 5x 104 + +
4 40 4x 104 + +
3 30 3x 104 + +
2 20 2x 104 + +
1 10 1 X 104 + +
0.5 5 5x IO' + +
0.25 2.5 2500 - -

0.125 1.25 1250 - -

0.05 0.5 500 - -

0.01 0.1 100 - -

0.005 0.05 50 - -

0.001 0.01 10 - -

* Calculated on fact that one human cell = 1 pg genomic DNA.
PB Peripheral blood.

TCRf and TCRy results, nine cases (75%)
were found to have TCR3 and/or TCRy
MGRs. The use of both TCRI and TCRy
primer combinations in a PCR allowed us to
determine the clonal status in all 12 individuals
with persistent LGL lymphocytosis.

SENSITIVITY TEST
The clonal DNA used in the sensitivity test was
obtained from a patient whose CD8+ T
lymphocytes were known to be strongly
positive for TCRO MGRs. Flow cytometry
analysis of lymphocyte subsets suggested that
at least 30% of the "clonal" DNA sample was
of non-clonal origin (CD4+). A precise
interpretation of the PCR sensitivity is there-
fore difficult because of the additional dilution
factor caused by the presence of non-clonal
DNA. In addition, the results obtained by PCR
are affected by template DNA which cannot be
equally efficiently amplified. The sensitivity
results are consequently a conservative ap-
proximate value and may in fact be higher than
that reported in this study.

Table 3 shows the sensitivity results obtained
by PCR using both complete and partial TCRI
primers on serial dilutions of clonal DNA with
normal DNA. A clonal PCR product was pro-
duced with the TCR3 primers when clonal
DNA comprised only 0.5% of total DNA. This
suggests that one clonal cell in 200 normal cells
(0.5%) may be detected by the PCR technique,
a sensitivity result that at least doubles the
lower 1% clonal detection limit of traditional
SB analysis.8

Discussion
This study determined the clonal status of 12
individuals with persistent LGL lymphocyto-
sis. Five cases (42%) could be detected by SB
analysis of the TCRf3 gene rearrangements,
whereas eight cases (67%) were detected using
PCR amplification. SB analysis is often difficult
as it requires high quantities of DNA for
restriction digestion (10-15 gg per digest) and
has a low sensitivity range for the detection of
clonal DNA (1_5%).8 These factors alone may
have resulted in the apparent negative results of

SB analysis of the three patients in this study
who were consequently found to have TCR,B
MGRs by PCR analysis. Most patients with
LGL leukaemia have modest lymphocytosis
despite increased numbers of circulating LGL
cells.' This feature made it difficult to obtain
the high yields ofDNA necessary for SB analy-
sis. Incomplete enzymatic digestion of the
DNA also resulted in extra electrophoretic
bands which could not be interpreted correctly
as being a monoclonal TCRI rearrangement, a
polymorphism, or a normal negative result.
This phenomenon increased the risk of pro-
ducing false positive results. In relation to the
diagnosis of LGL leukaemia, SB analysis was
impractical because the entire assay takes up to
two weeks to complete, and when repeat analy-
sis is required (providing sufficient DNA is
available) it may take up to a month for a final
result. Additional disadvantages include the
need to use and dispose of radioactive material,
and the overall high cost of the procedure.
PCR resolved many of the problems encoun-

tered with SB hybridisation. This technique
requires only small quantities of DNA (ap-
proximately 50 pg), avoids the need for radio-
labelling, and has the advantage of being
extremely rapid. Sensitivity studies performed
in this study suggest that one clonal cell in
approximately 200 or more normal cells
(< 0.5%) may be detected using the PCR
technique.
The only potential disadvantage of using

PCR as a diagnostic technique is that its exqui-
site sensitivity may lead to false positive results
due to contamination of template DNA. How-
ever, this may be avoided by the use of a strict
set of protocols, "PCR only" allocated equip-
ment, and the use of negative controls for each
reaction. We examined TCRI and TCRy gene
rearrangements by PCR as both represent the
two known types of TCR, namely TCRap and
TCR,y6. The PCR analysis described here was
initially developed by McCarthy et al to detect
a majority of partial (D-J) TCRf and complete
(V-J) TCRy gene rearrangements as well as a
proportion of complete (V-D-J) TCRfi gene
rearrangements."2 13 Eight of the 12 patients in
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the present study were positive for TCRI
MGRs by PCR, seven (58%) for TCRy, and
nine (75%) for at least one of the two types of
TCR MGRs. Three patients (25%) had no
detectable TCRf or TCRy gene rearrange-
ments. These results suggest that the nine
patients with positive TCR clonal gene rear-
rangements may have LGL leukaemia. How-
ever, it must be emphasised that clonality is not
always equivalent to malignancy and such
results must always be backed up with
additional clinical information and diagnostic
tests.

In conclusion, provided strict precautions
are followed to prevent contamination, PCR
analysis may be used as an efficient and practi-
cal alternative to SB analysis for detecting
monoclonal TCR gene rearrangements when
investigating the clonal nature of LGL prolif-
erations.
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