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DNA fingerprinting in leukemia
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Summary. The detection of polymorphic regions of the
human DNA provides individual specific markers, DNA
fingerprints (DNA-F), for the identification of individu-
als. DNA-F can also be used for the detection of cell
clones and serve as molecular markers of malignant dis-
ease. In leukemia DNA-F analysis can be used for the
follow-up studies during remission or after bone marrow
transplantation. Recent studies on DNA fingerprinting
in leukemia are reviewed.

Detection of minimal residual disease is a major chal-
lenge in leukemia research. In acute leukemia 60% —85%
of patients achieve remission with intensive chemothera-
py, but only 20% —30% will have over 5 years of disease-
free survival. To improve long-term results, residual
leukemia should be detected early during remission and
treatment modified before overt relapse. Several methods
have been proposed for this purpose, but few have
proved useful since most leukemia cells do not have char-
acteristics which can be used at the single-cell level to
demonstrate the leukemic origin of the cell [4, 7, 16, 27,
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Molecular biological techniques provide new tools for
accurate detection of small numbers of cells {1, 8, 32, 33}.
The DNA fragments produced by digestion with restric-
tion enzymes and detected by minisatellite probes are
highly specific for each individual — the so called DNA
fingerprints (DNA-F). DNA-F analysis is based on re-
striction fragment length polymorphism caused by small
changes in DNA, base substitutions, or deletions, which
create or destroy specific endonuclease cleavage sites [2].
This results in differences among alleles in the length of
a particular restriction fragment; these differences can be
detected after restriction endonuclease digestion by
Southern hybridization with a specific probe. The min-
isatellites are short nucleotide sequences which are found
as tandem repeats throughout the genome in multiple
different loci. The allelic polymorphism results from dif-
ferences in the number of repeats as the result of unequal

mitotic or meiotic exchange of DNA [12]. These areas
represent several different loci in the human genome and
it is thus possible to study changes in numerous loci
simultaneously by these probes. Jeffreys et al. [13, 14]
have shown that the minisatellite fragments are mainly
autosomal in origin and are somatically stable, thus
DNA isolated from different normal tissues of an indi-
vidual always displays the same DNA-F pattern. The
mendelian inheritance, somatic stability, and low muta-
tion rate make them suitable for the identification of
haplotypes or individuals; DNA fingerprinting can be
used to demonstrate engraftment after allogeneic bone
marrow transplantation (BMT) [20]. It is also possible to
detect somatic changes in human cancer cells and in
blood cells of patients with hematological malignancies
[24, 25, 28].

A 33-base pair (bp) minisatellite which was originally
found in the first intron of the human myoglobin gene is
capable of detecting other highly polymorphic minisatel-
lites tandemly located in human chromosomes. These
share the same common core sequence GGGCAG-
GAXG (X, A or G) preceded by a 5-bp sequence com-
mon to most but not all repeats. Minisatellite probe 33.15
(AGAGGTGGGCAGGTGG),,, which has half of the
repeat length of the 33-bp minisatellite but shares it core
sequence, detects a complex profile of hybridizing frag-
ments after Hinf I digestion of DNA. This hybridization
pattern is highly polymorphic and the probability that
two individuals have the same pattern is 3 x 107! [13].
Probe 33.6 (AGGGCTGGAGQG);),, detects about 11
additional polymorphic fragments not detected by the
33.15. The probability that two individuals share all the
fragments detected by 33.15 and 33.6is 5 x 10~ !°. Thus,
the combined use of these two mimisatellite probes pro-
vides highly individual hybridization patterns. In low
stringency conditions the sequence GAGGGTGGXG-
GXTCT of M13 phage also detects polymorphic min-
isatellites in human DNA [30]. The hybridization pattern
is different from that obtained with probes 33.6 and 33.15
of Jeffreys et al. [11-14] providing another set of individ-
ually specific DNA-F. After Hinf I or Sau3A digestion,
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the 32P-labeled minisatellite probes 33.15+ 33.6 and M13
detect 40— 50 different bands depending on the individu-
al. Under optimal conditions it is possible to detect extra
or missing bands reliably, and only bands which are very
close to intense original bands may remain “‘hidden™.

The sensitivity of DNA-F analysis in the detection of
minority DNA has been determined from DNA mixtures
and also from DNA prepared from cell mixtures [20, 23,
34]. The detection limit has varied from 2% to 10%. The
original intensity of the extra bands detected in pure blast
cell populations is the most important factor determining
the sensitivity of DNA-F analysis in the detection of mi-
nority DNA in remission (Fig. 1). The size of the frag-
ments may also affect the detection limit since bigger
fragments tend to hybridize more strongly with minisatel-
lite probes than do smaller fragments [13]. The technical
problems of DNA-F analysis have caused confusion in
the court room and one should be cautious when inter-
preting inadequately controlled results [17].

DNA fingerprinting has been used in forensic medi-
cine and for the identification of individuals in cases of
disputed parentage {6, 10, 11]. We have studied one case
where a male patient became a father several years post
BMT. Since total body irradiation usually leads to infer-
tility, the case was analyzed in detail; hybridizations with
different polymorphic probes demonstrated unequivo-
cally that the patient indeed was the father (S. Pakkala,
in preparation). In syngeneic transplantations the confir-
mation of monozygosity is important because it obviates
the need for immunosuppression and/or T-cell depletion
of the graft, which is especially important when BMT is
performed in advanced disease where T-cell depletion
increases the risk of relapse post BMT. In twin transplan-
tations where multiple transfusions invalidated the blood
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group and red cell isoenzyme analyses, syngeneity has
been successfully demonstrated by DNA-F analysis [15].

Except for the identification of individuals, DNA-F
analysis can be applied to the analysis of clonality in
mixed cell populations. It is possible to demonstrate en-
graftment and characterize the origin of different cell
populations or relapse after allogeneic BMT. Successful
engraftment leads to total blood chimerism; engrafted
hematopoietic cells are of donor origin and display a
corresponding DNA-F pattern, which can be demon-
strated 10 days post BMT [18, 20]. Mareni et al. [18] also
compared DNA-F analysis with karyotyping. Usually
very few mitoses are found shortly after BMT, but
DNA-F analysis is informative in all cases which makes
it suitable for follow-up studies. Leukemia relapse after
BMT is preceded by mixed blood chimerism as demon-
strated in 22 patients using DNA polymorphism in fol-
low-up of T-cell-depleted BMT [3]. In 4 patients 10% of
recipient-type DNA was detected before relapse and in 3
patients before graft failure, there were 6 patients still in
remission with less than 5% mixed chimerism 9-31
months post BMT. It has been shown that in T-cefl-de-
pleted BMT the T-cells in relapse are of recipient origin.
After appropriate fractionation it is also possible to study
the origin of other bone marrow cell populations.

We have performed DNA-F analysis on 52 leukemia
patients — 25 with acute myeloid leukemia (AML) and 27
with acute lymphoblastic leukemia (ALL) — and demon-
strated that DNA-F of hematopoietic cells may be differ-
ent in the blastic phase and in remission in about one-
third of acute leukemia patients [24, 25]. The differences
in DNA-F at diagnosis and in remission may be used as
molecular markers of the disease. Hybridizations with
33.6+33.15 and M13 probes revealed DNA-F changes in
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Fig. 1. Relative intensities of 11
extra bands detected by densito-
metry of DNA fingerprint (DNA-
F) autoradiograph of leukemia
cells. The two lines, 5% and 10%,
indicate corresponding detection
limits of DNA-F analysis: if the
intensity of an extra band in a
leukemic sample is 80, it can be
detected in a remission sample
with less than 5% of blast cells
after density gradient centrifuga-
tion. R, Reference band with the
relative intensity of 100
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different patients: since the two probes produce different
sets of restriction fragments [30]. they may represent dif-
ferent areas of the genome. In 14 cases the DNA-F
changes were detected only by one probe and in 5 cases
DNA-F changes were detected by both probes. Thus,
DNA-F analysis in leukemia patients should include hy-
bridizations with both probes.

The individual sensitivity of the DNA-F method was
demonstrated in 1 of our ALL patients, where DNA-F
changes were detected weeks before other signs suggested
relapse [24]. Routine follow-up is advised only if the extra
DNA-F bands of the leukemia cells are intense enough to
allow the detection of leukemia cells in a remission sam-
ple after density gradient centrifugation. The DNA-F
analysis may be more useful in AML than in ALL where
clonality can also be demonstrated by studies on im-
munoglobulin or T-cell receptor gene rearrangement.

The differences detected in DNA-F of leukemic cells
may arise in several ways. The individual mutation rate to
a new allele for these fragments is estimated to be about
1073 [13]. It is not likely that spontaneous mutation is the
cause of DNA-F changes because we detected single or
multiple changes in one-third of the cases. Hinf] site
terminating in methylated cytidine are resistant to enzy-
matic cleavage and differences in methylation of DNA
may alter the Hinf I cleavage leading to changes in re-
striction fragments [22]. The DNA-F alterations are,
however, not due to leukemia-specific methylation
changes of DNA since A/u I digestion (not affected by
methylation) also demonstrated corresponding DNA-F
changes [9]. There might be alterations of restriction sites
or unequal mitotic recombinations which become appar-
ent due to the clonality. Chemotherapy may cause breaks
in chromosomes and the differences in DNA-F could be
due to therapy-related changes in DNA, but no alter-
ations were found in 35 lymphoma patients studied be-
fore and after one to four courses of combination
chemotherapy.

Combined with other techniques DNA-F analysis
may assist in the preparation of new AML-specific
probes. Although most chromosomes contain minisatel-
lite loci, two major minisatellite loci have been found in
chromosomes 1 (1g23) and 7 (7q35-36) [5], and a poly-
morphic DNA probe isolated from a human DNA-F has
been used to demonstrate chromosomal 7 loss in
myelodysplasia [29]. Whether the loci where DNA-F al-
terations have been found are important for the develop-
ment of leukemia is currently not known. The compari-
son of DNA-F changes with karyotypic changes detected
in leukemia cells has suggested a tentative association
between minisatellite loci and chromosome 8 where two
oncogenes (c-mos, c-myc) and an AML-related DNA se-
quence have been located [19, 21]. No specific transloca-
tions or deletions detected so far have altered DNA-F
patterns suggesting that these areas are not related to
minisatellites {26].

In summary, hypervariable regions of DNA may be
used as markers of cell clones, either benign or malignant,
and with chromosome-specific minisatellite probes it may
be possible to reveal new DNA areas related to different
diseases.
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