
&p.1:Abstract Interphase cytogenetics is a rapidly develop-
ing technique which is usually performed by fluores-
cence in situ hybridization (FISH). Recently, oligonucle-
otide-primed in situ synthesis (PRINS) has become es-
tablished as a method of labelling centromeric regions of
chromosomes in metaphase spreads. We tested the suit-
ability of PRINS in detecting the exact copy number of
chromosomes 1, 3, 7 and 8 in intact interphase cells of
17 cytological preparations derived from normal and
neoplastic tissues. Control procedures consisted in prep-
aration of metaphase spreads of lymphocytes of healthy
donors, conventional cytogenetics in some of the speci-
mens, and omission of the primers or Taq polymerase
from the reaction mixture. All specimens were addition-
ally examined by FISH and analysed blind by two expe-
rienced observers. Both PRINS and FISH revealed a cor-
responding distribution of hybridization signals for all
chromosomes examined in specimens of normal bone
marrow (n = 5), normal liver cells (n = 5), three samples
of acute nonlymphocytic leukaemia in which conven-
tional chromosome analyses had shown monosomy 7 or
trisomy 8, and in four hepatocellular carcinomas that dis-
played trisomy 1. Overall, statistical analysis revealed no
significant difference in the signal distribution between
the two techniques. Our results demonstrate that PRINS
is as reliable as FISH for detecting chromosome copy
numbers in interphase nuclei of intact cells. The PRINS
method, however, is easier to perform, faster and less ex-

pensive, holding great potential for future applications in
diagnostic pathology.
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Introduction

Interphase cytogenetics is a rapidly developing technique
that allows the assessment of karyotype changes in sin-
gle nondividing cells derived from tissue specimens [9].
Apart from the visualization of chromosome gains or
losses, this technique has also been applied for detecting
chromosomal translocations [16, 20, 24]. The method of
choice for determining karyotype changes in interphase
nuclei is fluorescence in situ hybridization (FISH). FISH
requires DNA probes several hundred or thousand base
pairs (bp) in length that are produced by molecular clon-
ing techniques. The dependence on these probes, is the
major disadvantage of FISH, however, since they are dif-
ficult to generate, and rather expensive if obtained com-
mercially.

Oligonucleotide primed in situ synthesis (PRINS) has
recently been established for the characterization of
metaphase chromosomes [11]. The PRINS method is
based on the Taq polymerase mediated incorporation of
labelled nucleotides into newly synthesized DNA, which
is primed by the hybridization of oligonucleotides to
unique chromosome specific sequences in centromeric
tandem repeats [5, 12]. So far, PRINS has only been ap-
plied to metaphase speads prepared from peripheral
blood, bone marrow or amnionic fluid cultures that also
contain interphase nuclei of lysed cells [2, 3, 7, 8, 14,
17]. Its use for detecting chromosome changes in intact
cells from either cytological or surgical pathology speci-
mens, however, has not been reported, to the best of our
knowledge.

The aim of our study was to investigate the suitability
of PRINS for demonstrating numerical chromosome
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changes in intact interphase cells, and to compare this
method with the conventional FISH analysis. Once the
reliability of PRINS reactions had been demonstrated in
bone marrow cells in which the exact chromosome pat-
tern was known from conventional chromosome band-
ing, the PRINS technique was applied to cytological
preparations of solid tissues (normal liver and hepatocel-
lular carcinoma [HCC]). We investigated chromosomes
1, 3, 7 and 8, which are known to be affected by numeri-
cal changes in acute leukaemias or HCC [16, 22]. Our
results demonstrate that PRINS is a reliable and efficient
method, which has shorter turnaround times and is less
expensive than FISH in detecting numerical chromosome
aberrations in interphase nuclei of intact cells.

Materials and methods

Heparinized bone marrow aspirates and formaldehyde/methanol
fixed bone marrow biopsies were obtained from eight patients.
Bone marrow biopsies were embedded in methyl methacrylate as
previously described [1]. Five patients displayed nonspecific find-
ings in bone marrow histopathology, and three patients had acute
nonlymphocytic leukaemia (ANLL).

Conventional cytogenetics from bone marrow aspirates was
performed according to standard protocols [27] and revealed nor-
mal diploid karyotypes in the five patients without evidence of
neoplastic disease. Two patients with ANLL had trisomy 8 in 74%
and 73%, respectively, and one patient with ANLL had monosomy
7 in 48% of the metaphases examined. For interphase cytogenetics
of bone marrow aspirates, cells were fixed with methanol:acetic
acid (3:1) for 20 min, smeared onto glass slides and air dried at
room temperature.

Cytological imprint specimens from hepatocellular carcinomas
(n = 5) and the corresponding normal liver tissue were prepared
directly after surgical removal (hemihepatectomy) and fixed with
paraformaldehyde (4%) for 10 min, followed by proteinase K di-
gestion (0.1% in phosphate buffered saline, PBS) for 10 min at
37°C, and air drying at room temperature.

Probes

For PRINS reactions, oligonucleotides specific for tandem repeats
in the centromers of chromosomes 1, 3, 7 and 8 were obtained
from Boehringer, Mannheim, Germany. For FISH analyses, dig-
oxigenin-labelled alpha satellite probes specific for the centromer-
ic region of chromosomes 1, 3, 7 and 8 (D1Z5, D3Z1, D7Z1,
D8Z1) were purchased from Oncor/Amersham-Buchler (Braun-
schweig, Germany).

Oligonucleotide-primed in situ labelling

The air-dried slides were heated for 1 min at 96°C using a flat
thermocycler (Omnigene TRC3, Hybaid, UK) followed by lower-
ing of the temperature to 94°C for 3 min. Then, 30µl of a solution
containing 5µl of the respective PRINS primer (250 pM), 50 mM
Tris/HCl pH 8.3, 250 mM KCl, 0.05% gelatin, 7.5 mM MgCl2,
0.05% Tween 20, 0.05% Triton X 100, 0.05% Nonidet p40, 500
µM dATP, dCTP and dGTP, respectively, and 50µM DIG-11-
dUTP, 450µM dTTP, and 2.5 units Taq polymerase (all nucleo-
tides and enzymes were purchased from Boehringer, Mannheim,
Germany) was added. The specimens were incubated under a cov-
erslip sealed with rubber cement for 30 min at 60°C. Then, the
rubber cement was carefully peeled off and the coverslip removed
by immersing the slides in 500 mM NaCl/50 mM EDTA for 1 min
at 60°C. Slides were then washed three times in 0.2% Tween
20/PBS at 37°C, incubated with FITC labelled anti-DIG Fab frag-

ments (Boehringer, Mannheim, Germany) diluted 1:1000 in
PBS/1% bovine serum albumin for 30 min at 37°C, and washed
again as described above. For counterstaining, 15µl propidium io-
dide/antifade was added to the samples, which were then cover-
slipped (Oncor, Amersham/Buchler, Braunschweig, Germany).

Fluorescence in situ hybridization

The air-dried slides were rinsed in 2×SSC, the DNA denatured in
70% formamide 2×SSC for 2 min at 70°C, and the samples dehy-
drated in graded ethanols at –20°C. Then 15 ng of digoxigenin-la-
belled alpha satellite probes (previously denatured for 5 min at
70oC) in 30 µl hybridization buffer containing 65% formamide
2×SSC and blocking DNA (Hybrisol VI, Oncor, Amersham/Bu-
chler, Braunschweig, Germany) were applied to each sample un-
der a coverslip followed by incubation overnight at 37°C. After
stringency washes in 2×SSC for 5 min at 72°C, slides were rinsed
once in 0.1% Tween 20 in PBS for 1 min at room temperature, and
detection of hybridized probes was performed by incubating
FITC-labelled anti-digoxigenin (30µl) for 5 min at 37°C. The re-
action was amplified by incubation with a rabbit anti-sheep anti-
body (30µl) for 15 min at 37°C followed by FITC-labelled anti-
rabbit antibody (30µl) for 15 min at 37°C (all incubations were
performed under a coverslip). After washing in 0.1% Tween
20/PBS, nuclei were counterstained with 15µl propidium io-
dide/antifade (all reagents were purchased from Oncor, Amers-
ham/Buchler, Braunschweig, Germany).

Metaphase preparations of blood lymphocytes obtained from
healthy donors served as controls for both PRINS and FISH.

PRINS and FISH reactions were analysed blind by two experi-
enced investigators using a Zeiss Axiophot fluorescence micro-
scope (Oberkochen, Germany) with oil immersion (final magnifi-
cation ×1000). Only signals with bright and approximately equal
staining in a corresponding nucleus were counted, and paired
spots were considered as one signal, at least 100 intact, nonover-
lapping nuclei being evaluated. The number of hybridization spots
for each chromosome was calculated by determining the mean val-
ue of the numbers counted by both investigators. The Chi-square
test was used for statistical analyses. The 3× standard deviation
was determined to define pathologic loss or gain of chromosomes
[16, 25]. Documentation of PRINS and FISH analyses was per-
formed with a CCD camera (CH250/A, Photometrics, Tucson, Ar-
izona, USA) and a capture image analysis system (Vysis, Stuttg-
art, Germany).

Results

In normal control metaphases of healthy donors, PRINS
and FISH reactions revealed strong signals in the centro-
meric regions of the chromosomes examined – chromo-
somes 1, 3, 7 and 8 (Fig. 1a, b). Dispersed interphase nu-
clei in those preparations also displayed two distinct and
easily scorable signals for all chromosomes examined.
Controls for PRINS (omission of primers or Taq poly-
merase) revealed no signals in metaphases or interphase
nuclei.

To investigate the reliability of PRINS in detecting
chromosomes in interphase cells, this technique was
compared with FISH in cytological preparations of vari-
ous normal and tumour tissues. We first examined five
samples of bone marrow with a normal chromosome pat-
tern shown by conventional chromosome banding in
metaphase preparations. Both the PRINS and the FISH
methods revealed a similar distribution of hybridization
spots in the interphase nuclei of the cytological prepara-
tions. The majority of nuclei in each sample exhibited
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Fig. 1 Comparison of fluores-
cence in situ hybridization
(FISH; a, c, e, g) and oligonu-
cleotide-primed in situ label-
ling (PRINS; b, d, f, h). a, b
Metaphase spreads of a healthy
donor displaying strong stain-
ing in the centromers of both
chromosomes 7 by FISH (a)
with the digoxigenin-labelled
D7Z1 probe and PRINS (b)
with specific oligonucleotides.
c, d Bone marrow smear of a
patient without evidence of
neoplastic bone marrow disease
and with normal diploid karyo-
type according to conventional
cytogenetics: c FISH with the
centromeric D7Z1 probe spe-
cific for chromosome 7 reveal-
ing two distinct signals per nu-
cleus; d PRINS with oligonu-
cleotides specific for the cen-
tromeric region of chromosome
7 displaying two signals in
most nuclei. e, f Bone marrow
cells of a patient with acute
nonlymphocytic leukaemia
(ANLL) exhibiting trisomy 8 as
clonal karyotype change in
conventional chromosome
analysis; both FISH (e) with
the digoxingenin-labelled
D8Z1 probe and PRINS (f)
with oligonucleotides specific
for chromosome 8 exhibited
three hybridization spots in
most nuclei. g, h Imprint speci-
mens of a hepatocellular carci-
noma displaying trisomy 1 on
FISH (g) with the D1Z1 probe
and PRINS (h) with oligonu-
cleotides specific for chromo-
some 1. Detection of FISH by
FITC-labelled anti-digoxigenin
followed by an amplification
step with a bridging antibody
and FITC-labelled anti-rabbit
antibody. PRINS reactions have
been visualized by FITC-la-
belled anti-digoxigenin. Note
that there are no significant dif-
ferences between the two meth-
ods in signal intensity and dis-
tribution. Counterstaining with
propidium iodide/antifade,
×1000 (a–f), ×1600 (g, h) &/fig.c:



two signals for chromosomes 1, 3, 7 and 8 (for all chro-
mosomes examined: PRINS, mean 86.6%, standard devi-
ation: 2.8%; FISH: mean, 85.8%, standard deviation:
2.9%; Table 1, Fig. 1c, d).

Cytological imprints prepared from normal liver also
showed two spots in most nuclei (for all chromosomes
examined: PRINS: mean 83.3%, standard deviation:
1.8%; FISH: mean: 83.8%, standard deviation: 4.1%),
with no difference in signal distribution between PRINS
and FISH (Table 1). Both methods revealed a small per-
centage of nuclei with a higher (PRINS: ≤7%, FISH:
≤15%) or lower number (PRINS: ≤14%; FISH: ≤11%) of
signals expected in normal cells. No significant differ-
ences between the PRINS and FISH methods were found
when the cut-off levels for pathological trisomy or
monosomy of chromosomes 1, 3, 7 and 8 were compared
(Table 2).

The bone marrow samples of three patients with
ANLL, in which conventional cytogenetics had demon-
strated either monosomy 7 or trisomy 8 as a clonal
karyotype change, exhibited the appropriate numerical
chromosome changes in the interphase cell preparations
with both the PRINS and the FISH methods (Fig. 1e, f).
There was no significant difference in the percentage of
cells with abnormal chromosome numbers between the
PRINS and the FISH methods (Fig. 2a–c).

In touch preparations of four HCC, FISH revealed tri-
somy 1, which was confirmed by PRINS with primers
for chromosome 1 (Figs. 1g, h, 3a, b). Chromosome 8
was trisomic according to both methods in only one of
four tumour specimens (Fig. 3c, d). One HCC was not
informative because of extensive necrosis of the speci-
men yielding to small numbers (<100) of intact cells.

Statistical evaluation of the results of all 17 prepara-
tions examined revealed no significant difference in the
signal distribution between PRINS and FISH experi-
ments. There was no intraobserver difference in the
signal distribution counted blindly by the two investiga-
tors.

Discussion

By applying the PRINS and the FISH methods to the de-
tection of aneusomic chromosome counts in intact inter-
phase cells of pathology specimens, we have demonstrat-
ed that the two techniques yield comparable results. In
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Tissue Chromo- PRINS/FISH
some Signals per nucleus (%)

0 1 2 3 >3

Bone 1 2/3.6 9/9.2 86.4/85.4 2/1.4 0.6/0.4
marrow 3 2/2 8.8/9.8 87.4/86.2 1.4/1 0.4/1

7 2.8/3 8.4/9.4 86.6/86 1.8/1.6 0.4/0
8 2.8/2.8 9.4/10.2 85.8/85.6 1.8/0.8 0.2/0.6

Liver 1 1.7/1 9.7/7.1 83.6/83.6 3.5/5.8 1.5/2.5
8 2/2.8 10.3/8.7 83.5/84.8 3.5/3.2 0.7/1.5

&/tbl.b:

Table 1 Mean distribution of
hybridization signals in PRINS
and FISH reactions obtained in
five samples of cytogenetically
normal bone marrow and five
samples of normal liver. There
were no significant differences
between the two methods&/tbl.c:&tbl.b:

0
0

b Signals /nucleus

10

20

30

40

50

60

70

80

%

1 2 3 >3

0
0

c Signals /nucleus

60

%

1 2 3 >3

10

20

30

40

50

Trisomy 8 (patient 2)

Monosomy 7 (patient 3)

0
0

a Signals /nucleus

10

20

30

40

50

60

70

80

%

1 2 3 >3

Trisomy 8 (patient 1)

Fig. 2a–c Comparative distributions of hybridization signals ob-
tained by PRINS (lighter bars) and FISH (darker bars) in bone
marrow cells of patients with ANLL, and a, b trisomy 8 or c mo-
nosomy 7&/fig.c:



imprint preparations of normal liver cells and in normal
bone marrow cells, the percentages of disomic cells ob-
tained here for chromosomes 1, 3, 7 and 8 did not differ
significantly between PRINS and FISH, and there was
good agreement with earlier FISH studies [10, 16].
Moreover, the cut-off levels for defining gains or losses
of chromosomes were also not significantly different
with the two methods, suggesting that PRINS is as sensi-
tive as FISH for detecting low numbers of aneusomic
cells. Applying FISH with chromosome 4-specific
probes and PRINS with chromosome 9- and chromo-
some 18-specific primers in haploid human sperm, Pell-

estor et al. [19] suggested that both techniques can be
used in a complementary fashion.

The fact that small percentages of the normal bone
marrow or liver cells examined displayed more or less
than the two signals expected with FISH or PRINS is a
well-known phenomenon in interphase cytogenetics
[10]. Trisomy 1, which was revealed in four specimens
of HCC by both methods, is a frequent finding in some
of the malignant cells in those tumours [16]. In ANLL,
trisomy 8 or monosomy 7 occurs as the clonal karyotype
changes, affecting variable numbers of tumour cells
[22].

Compared with FISH, the PRINS technique has prov-
en to be equally accurate, easier to perform and quicker,
allowing results within 2 h. By incorporating directly
fluorochrome-labelled nucleotides into newly synthe-
sized DNA, the turnaround time of the PRINS reaction
can be reduced to no more than a few minutes, as has
been shown in metaphase preparations, but signals are

385

Bone marrow PRINS/FISH

Chromosomes 1 3 7 8

monosomy >14.0/>15.2 >11.7/>16.4 >11.5/>21.2 >14.6/>17.2
trisomy >3.9/>2.9 >2.9/>3.4 >4.7/5.2 >6.6/3.1

Liver PRINS/FISH

chromosomes 1 8

monosomy >14.8/18.6 >19.2/13.8
trisomy >5.1/>13.0 >12.9/12.6

&/tbl.b:

Table 2 Cut-off levels (%) for
monosomy and trisomy for the
PRINS and FISH method, re-
spectively&/tbl.c:&tbl.b:

1
0

a Patient

50

%

Trisomy 1 (PRINS)

2 3 4 1
0

b Patient

50

%

Trisomy 1 (FISH)

2 3 4

1
0

c Patient

50

%

Trisomy 8 (PRINS)

2 3 4 1
0

d Patient

50

%

Trisomy 8 (FISH)

2 3 4

10

20

30

40

10

20

30

40

10

20

30

40

10

20

30

40

Fig. 3a–d Results of PRINS and FISH in four cases of hepatocel-
lular carcinoma (HCC) (patients 1–4). Percentage of cells with tri-
somy counts for chromosome 1 by a PRINS and b FISH, and per-
centage of cells with trisomy for chromosome 8 by c PRINS and d
FISH. All HCC patients examined had trisomy 1 according to both
PRINS and FISH (a, b). Only case 1 displayed trisomy 8 (c, d) &/fig.c:



weaker than with the indirect method [6, 7, 13]. FISH, in
contrast, usually takes 2 working days [16, 20, 24], and
faster protocols with shorter hybridization times result in
significantly weaker hybridization signals.

The intensity of the signals produced by PRINS de-
pends on the size of the products synthesized by the Taq
polymerase. By targetting tandem repeats that are pres-
ent in the centromers as well as in the telomers of all
chromosomes [15, 26], specific oligonucleotides can
bind repeatedly to these regions, presenting multiple
sites for incorporation of labelled nucleotides. The signal
intensity can be further increased by performing several
cycles of the PRINS reaction (so-called cycling PRINS),
which accumulates labelled copies of the target sequence
at the site of synthesis [23].

Another advantage of PRINS is the use of oligonucle-
otide primers which are easy to generate and rather inex-
pensive compared with the cosmid probes required for
the FISH method. Overall, we estimate that the PRINS
reaction costs approximately one-tenth as much as FISH.
Nonspecific binding, which can be a problem in oligonu-
cleotide in situ hybridization, did not occur in PRINS if
the protocols (reaction times and incubation tempera-
tures) were followed exactly. Probe penetration is better
with small oligonucleotides than with the long DNA
probes applied in FISH, resulting in faster hybridization
conditions. However, in PRINS a short proteinase K pre-
digestion of liver epithelial and HCC cells was necessary
to allow access of the Taqenzyme. We did not observe a
loss of reactivity of the Taq polymerase during primer
extension, which may be caused by adherence of the
molecule to the glass slide. With the exception of a flat
heating block thermal cycler, no special equipment is re-
quired to perform the PRINS reaction. Two ordinary
heating blocks, which are available in most laboratories,
can also be used for PRINS. Table 3 summarizes the
main differences between the PRINS and the FISH
methods.

It appears that the full potential of the PRINS method
has not yet been exhausted. For example, recent reports
indicate that PRINS is also suitable for semiautomation

[18], which opens up a wide variety of clinical applica-
tions not only for the study of genetic diseases but also
for haematological and solid neoplasms. Furthermore,
combinations of PRINS and FISH may soon allow for
the efficient diagnosis of structural chromosome chang-
es, including balanced translocations. These applications
will be further facilitated by the recently described sig-
nal amplification methods [21, 28], which may – with
or without cycling PRINS procedures – enable the de-
tection of single copy genes. So far, this has only been
successfully achieved in the case of the factor IX gene
[4].

The PRINS reaction is a rapid and reliable method for
visualization of numerical chromosome aberrations in in-
terphase nuclei of pathology specimens. It has the poten-
tial to further increase the diagnostic possibilities of mo-
lecular cytogenetics and to complement FISH methods in
detecting numerical and structural chromosome changes
which are found in many neoplastic cells and in precur-
sor lesions.
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