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The polymerase chain reaction:
Finding the invisible enemy

Morgan GJ, Janssen JWG, Guo AP, Wiedmann LM,
Hughes T, Gow J, Goldman JM, Bartram CR. (Leukaemia
Research Fund Centre, Institute of Cancer Research,
London SW3; Medical Research Council Leukaemia
Unit, Hammersmith Hospital, London, UK; Section of
Molecular Biology, Department of Paediatrics II,
University of Ulm, Ulm, Federal Republic of Germany.)
Polymerase chain reaction for detection of residual
leukaemia. Lancet 1989;1:928-9.

SUMMARY
Seven patients with chronic myeloid leukaemia (CML) were
followed up by the authors for 5 to 7 years. After HLA-identical
allogenic bone marrow transplantation (BMT), all patients
remained in complete clinical and haematological remission. Six
patients became negative for the Philadelphia chromosome
(Pl.'). One patient remained positive for Phi for 2 years after
BMT but became negative thereafter. Bone marrow aspirates
were subjected to morphological and standard karyotyping
examination to detect haematological or cytogenetic relapse.
These' showed all patients to be in remission. Polymerase chain
reaction (PCR) analysis was performed on bone marrow aspirates
and the peripheral blood to detect the presence of the bcr/abl
chimeric gene. This hybrid is produced by the chromosomal
translocation characteristic of CML, i.e. t(9;22). The absence of
detectable mRNA by the PCR in these patients suggests that
they may be cured of the Ph I clone.

COMMENTS
One of the major problems in diagnosing and treating
cancer is the relapse resulting from clinically undetectable
disease. Minimal residual disease (MRD) not found
by conventional histopathological or cytopathological
techniques can now be demonstrated by the identification
of clonal rearrangements in malignant haematopoietic
cells. Southern blot hybridization is able to detect neoplastic
cells when they constitute 1% or more of the total cells.
However, patients in clinical remission may have MRD
persisting as a lower concentration of cells which could
not be identified previously.
The new technique of polymerase chain reaction 1

requires less than 1 (Jogof DNA and exponentially
amplifies target DNA sequences. After synthesis of
cDNA by reverse transcriptase, the mRNA from the
abnormal gene can be amplified and detected. Malignant
haematopoietic cells often carry unique chromosomal
translocations. The PCR technique can be used to prefer-
entially amplify and detect DNA sequences flanking the

crossover site, which provides evidence of MRD. In experi-
ments with leukaemic cell lines under ideal conditions,
the authors could detect leukaemic mRNA in dilutions up
to 1 in 105, corresponding to the amount of mRNA
derived from only 5 cells. However, using PCR, they
found no evidence of leukaemic mRNA in any of their
patients despite evidence of transient cytogenetic relapse
in one. This suggests that all leukaemic cells had been eradi-
cated and a cure achieved. The demonstrated sensitivity
of the PCR makes it a good technique for following up
transplanted CML patients.
The technique of PCR has been extended to diagnose

diseases such as sickle-cell anaemia prenatally, 1 the carrier
status for cystic fibrosis- and HIV·1 infection in infants
and children.' By this method the diagnosis of CML and
acute lymphoblastic leukaemia is made quickly, is highly
sensitive and independent of the presence or absence of
an identifiable Ph 1. 4 The characteristic t(14;18) transloca-
tion observed in 90% of follicular lymphomas' has permit-
ted detection by the PCR of MRD in treated patients
who did not show any abnormality on morphological
examination and Southern blot analysis.?
The PCR has also been found useful in the initial staging

and follow up of patients with other non-Hodgkin's
lyrnphomas.> It is a highly sensitive technique for detect-
ing small numbers of abnormal cells in clonal disorders.
The absence of MRD, as predicted by the PCR, can only
be definitively equated with cure of haematopoietic
malignancies when long term follow up studies of larger
numbers of similar patients confirm freedom from relapse.
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