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The aim of this study was to improve detection of heterozygous samples and loss of heterozy-
gosity using a new type of gel polymer. A total of 60 samples of normal and tumor colon tissue
were tested. Elctrophoresis of amplified loci was performed on a standard acrylamide / N,N-

methylenebisacrylamide gel, and the same gel containing Spreadex polymer, NAB (native acryl-
amide-bis). Standard gel displayed 36 samples of normal tissue as homozygous. Electrophore-
sis of the same samples on gel with addition of polymer revealed 12/36 heterozygous samples.
Five of 12 matched tumor samples displayed loss of heterozygosity that could not be detected
on standard gel, because of its lower resolving power. Electrophoresis on a new polymer pre-
sents a simple, inexpensive, reproducible and non-radioactive method for loss of heterozygosity
detection, with improved performances such as increased sensitivity, decreased amount of a
sample and improved separation of closely spaced bands. Application of the polymer may con-
tribute to a vide variety of diagnostic procedures.
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INTRODUCTION

Electrophoresis on a standard polyacrylamide gel (PAGE)
that contains monomers acrylamide / N,N-methylenebis-
acrylamide is a well established and commonly used
method for detection of heterozygous samples and loss
of heterozygosity (LOH) by microsatellite analysis (re-
peated DNA sequences around the gene).1,2,3

Loss of heterozygosity can indicate inactivating
mechanism of tumor-suppressor genes that implies dele-
tions of the relatively large chromosomal regions and
possible gene loss. This is judged by comparing the in-

tensity of electrophoretically separated DNA bands (rep-
resenting alleles in cancer, and corresponding normal
tissue of the same patient). LOH analysis allows the in-
sight into the progress of carcinogenesis (from series of
premalignant precursor lesions into invasive and meta-
static cancer), and the possibility of detecting the disease
at an early stage.4,5,6 This method is therefore particu-
larly useful tool in the cancer research.

Polyacrylamide gel has encountered technical diffi-
culties regarding electrophoretic running time and reso-
lution, as well as autoradiography detection, thus affect-
ing interpretation of the results.7,8,9,10 A need for an ac-
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curate, non-radioactive and quick method for LOH
analysis has therefore emerged. It resulted with synthe-
sis of new matrices for gel electrophoresis.

In this work we tested the potential of one new ma-
trix (Spreadex Polymer, Native Acrylamide-Bis) in order
to improve the power of acrylamide based gels to sepa-
rate microsatellite fragments of slightly different length.
We compared detection of heterozygous samples and the
results of LOH analysis at two polymorphic regions
flanking the DPC4 gene obtained on the standard poly-
acrylamide gel, and the same gel containing Spreadex
polymer NAB. Here we document the improvement of
electrophoretic DNA separation efficiency that would in-
fluence not only the LOH analysis, but also a variety of
research and diagnostic procedures.

EXPERIMENTAL

Cancer Specimens and DNA Extraction

For DPC4 LOH analysis 60 surgical resection specimens
from unselected colon adenocarcinoma patients were collect-
ed from Clinical Hospital Sestre Milosrdnice, Zagreb, Croatia.
The diagnoses were confirmed histopathologically by patholo-
gist. There were 31 men and 29 women, and the average age
of the patients was 60.9 years, ranging from 30 to 75 years.

Haemotoxylin-eosin staining was performed to allow the
assessment of tumor cell proportion that should be over 80 %.
Normal colon mucous, more than 5 cm distant from the tu-
mor, was taken as a source of corresponding normal DNA.

Fresh tissue was snap frozen in liquid nitrogen imme-
diately after surgical removal and stored at –80 °C in a hu-
man tumor bank.11 High molecular weight DNA was iso-
lated from matched sample of normal and tumor tissue ac-
cording to standard phenol-chloroform protocol.12 Integrity
of DNA was assessed on 1 % agarose gels with ethidium-
bromide (Sigma, St. Louis, MO, USA), and DNA was
quantified spectrophotometrically (260/280 nm) (M330W
spectrophotometer; Camspec Ltd., Cambridge, UK).

Polymerase Chain Reaction

Amplification in polymerase chain reaction (PCR) was per-
formed in a 25 µl mixture of 1 × HotMaster Taq Buffer (Tris-

HCL, c = 20 mmol dm–3, pH = 8.4; KCl, c = 50 mmol dm–3;
Eppendorf, Germany) with Mg2+ (c = 1.5 mmol dm–3; Ep-
pendorf, Germany) containing 100 ng of template DNA, 50
µmol dm–3 of each dNTP (Eppendorf, Germany) 5 pmol dm–3

of forward and reverse primers and 1 U HotMaster Taq
DNA Polymerase (Eppendorf, Germany). (One unit is de-
fined as the amount of enzyme that incorporates 10 nmol of
deoxyribonucleotides (dNTPs) into acid insoluble form in
30 minutes at 74 °C.) Both non-tumor and tumor DNA was
amplified using specific primers for two microsatellite loci
(D18S46 and D18S474) which lay approximately 0.3 Mb
from both sides of the DPC4 gene.

Primers were as follows:

5'-GAATAGCAGGACCTATCAAAGAGC-3',

5'-CAGATTAAGTGAAAACAGCATATGTG-3' (D18S46)
and

5'-TGGGGTGTTTACCAGCATC-3',

5'-TGGCTTTCAATGTCAGAAGG-3' (D18S474).

The PCR reaction was carried out in a Mastercycler
personal (Eppendorf, Germany) at the following PCR con-
ditions: 1 cycle of 2 min at 94 °C, followed by 30 cycles of
30 s at 94 °C, 30 s at 57 °C or 63 °C (depending on the
primers), 30 s at 70 °C and the final extension 5 min at 70 °C.
PCR products were loaded onto 1 % agarose gel with ethi-
dium-bromide (Sigma, St. Louis, MO, USA).

Electrophoretic Separation

Normal and tumor specimens were analyzed for heterozygous
profile and tested for loss of heterozygosity on two types of
gels:

(i) Acrylamide / N,N-methylenebisacrylamide, 29:1
(Sigma) gel

PCR product (5–6 ml) of each sample was mixed with 1 ml
of loading buffer (Eppendorf, Germany) and applied onto
12 % non-denaturig polyacrylamide gel, as it has been done
before for analysis of DPC4 microsatellites.13,14 Electro-
phoresis was performed in Hoefer EPS 3501 vertical sys-
tem (Amersham Pharmacia Biotech, UK) at ambient tem-
perature and under conditions given in Table I. The gels
were silver-stained.
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TABLE I. Comparison of conditions for electrophoresis performed on two types of gels

12 % non-denaturing

polyacrylamide gel

10 % non-denaturing polyacrylamide gel
+ Spreadex polymer NAB

Gel dimensions / cm 30 � 35 � 0.001 18 � 16 � 0.001

Optimal separation length / cm 17 8

PCR product per well / ml 6 1–2

Electrophoresis running time / h 18 3

Voltage / V 300 300

Buffer / mmol dm–3 90 (TBE) 60 (TAE)



(ii) Acrylamide / N,N-methylenebisacrylamide, 29:1
(Sigma) gel with addition of Spreadex polymer NAB

Samples that displayed homozygous pattern (one band) on
polyacrylamide gels were additionally analyzed on 10 %
non-denaturing polyacrylamide gels with 10 % (volume frac-
tion) Spreadex polymer NAB (Elchrom Scientific, Switzer-
land). The gel was prepared in the same way as any stan-
dard polyacrylamide gel, and is consisted of two parts: up-
per 4 % gel containing sample wells but not NAB, and
lower 10 % gel with addition of NAB, required for separa-
tion of DNA fragments.

Electrophoresis was carried out in Hoefer SE 400 Stur-
dier Vertical Units (Amersham Pharmacia Biotech, UK) at
ambient temperature and under conditions given in Table I.

After electrophoresis, gels were stained with 1:10000
dilution stock 10000x SYBR Green I nucleic acid stain (Mo-
lecular Probes, Inc., USA) for 30 minutes, and analyzed by
an UV transilluminator at 254 nm. Photographs were taken
by direct screen camera (Polaroid DS-34).

LOH Assessment

LOH is defined as a complete absence or reduced signal by
at least 50 % of one of the constitutional alleles in the tu-
mor tissue, compared to the band of the corresponding non-
neoplastic tissue. LOH was judged by visual examination
of three investigators (M.P.H., S.K., and M.K.) and discor-
dant results were re-evaluated after repeating the analysis.

RESULTS

DNA from 60 adenocarcinoma and normal mucous tis-
sue samples was isolated for LOH analysis of DPC4. In
order to validate standard PAGE genotyping, DNA of
each pair was amplified with the primers for two mark-

ers (D18S46 and D18S474) that have been proven suit-
able for LOH analysis of the DPC4 gene.15,16,17,18

A microsatellite analysis on 12 % standard poly-
acrylamide gels displayed 16 homozygous samples at
the D18S46 locus (Figure 1a). However, the same sam-
ples analyzed on 10 % polyacrylamide gels with the
Spreadex polymer NAB showed that three samples had
two different alleles separated well (Figure 1b).

The amplification of the same region derived from
corresponding tumor tissue was performed, and two
matched PCR products were run in parallel lanes. LOH
was observed in two tested samples (Figure 1c).

Second polymorphic site (D18S474) was amplified
by corresponding set of primers on DNA template deriv-
ed from normal tissue, and DNA fragments were submitted
to electrophoresis on 12 % non-denaturing polyacryl-
amide gels. There were 20 samples showing merely one
DPC4 allele (Figure 1a). Electrophoresis of the same
samples performed on a gel with the Spreadex polymer
NAB showed that 9 samples exhibited two, closely but
obviously separated alleles (heterozygous profile) (Fig-
ure 1b). In addition, in 3 matched tumor samples loss of
one DPC4 allele was observed (Figure 1c).

Results of LOH analysis performed on two types of
gels at both microsatellite loci were summarized in Ta-
ble II.

DISCUSSION

The analysis of polymorphic markers in acrylamide gels
should demonstrate merely one (homozygous) or two
(heterozygous) major bends, corresponding to alleles of
analyzed gene. However, it has been shown that micro-
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Figure 1. Loss of heterozygosity analysis at the DPC4 microsatellite loci D18S46 and D18S474. PCR products of normal colon tissues
separated on 12 % non-denaturing polyacrylamide based gel (a) and 10 % polyacrylamide gel with Spreadex polymer NAB (b). Colon tu-
mor samples with DPC4 loss of heterozygosity detected on 10 % gel with the polymer (c). Symbols: N, normal colon tissue; T, colon carci-
noma tissue; M, molecular weight DNA marker pBR322 MspI digest (BioLabs, New England).



satellites allelotypes of heterozygous frequently display
more than two major bands, what can be due to different
migration pattern of different conformational forms of
the same DNA.19 On the other hand, some heterozygous
allelotypes can exhibit merely one band, if polymorphic
sequences of two alleles differ in length slightly.

In order to overcome these problems, enhanced ma-
trices for DNA electrophoresis, that improve specificity,
sensitivity and resolution power of the gel, have been
developed recently.

At the beginning of our study, precast Spreadex EL
300 and Spreadex EL 400 gels, proven effective in our
previous DPC4-RFLP analysis,14,20 were used to analyze
dinucleotide repeats (D18S474 and D18S46) flanking
the DPC4 gene. As the profiles of representative sam-
ples in these gels were not satisfactory, the manufacturer
was requested to repeat the analysis. The bends were dif-
fused in both cases (data not shown). Although high
resolution of dinucleotide microsatellite markers (chro-
mosome 7q31.1) on Spreadex EL 300 gels has been de-
monstrated,7 it could be that these types of gels are inap-
propriate for our particular DPC4 microsatellite analysis.

In this work we used one new generation matrix
(Spreadex polymer NAB) in order to increase the elec-
trophoretic separation power of acrylamide based gel.21

We continued our experiment analyzing results on stan-
dard 12 % acrylamide based gel. However, it became
clear that the microsatellite dinucleotide repeats (D18S46
and D18S474) could be more clearly and accurately de-
termined on 10 % PAA gel containing Spreadex polymer
NAB. Namely, we proved that 19 % of samples at the
D18S46 locus and 45 % of samples at the D18S474 lo-
cus remained undetected as heterozygous on 12 % poly-
acrylamide gel (falsely genotyped as homozygous), while
two sharp, closely spaced, but fully separated bands dis-
tinctly emerged on 10 % gel containing the polymer.
Moreover, besides detection of heterozygosity in normal
tissue, improved resolution enabled also detection of
loss of heterozygosity in colon adenocarcinoma. This

feature can easily remain unspotted if the separation of
closely spaced bands in gel fails. One group of authors
also described good characteristics of gel with addition
of NAB in analysis of short insertions (5382insC) and
deletions (185delAG) in coding region of BRCA 1 gene,
in samples of breast and ovarian tissues.22

In addition, polyacrylamide gel with the polymer re-
quires shorter time for gel preparation, shorter electro-
phoresis running time (that corresponds with lower
amount fraction of acrylamide-bisacrylamide) and lower
amount of amplified product needed for relevant genetic
analysis. These properties make this type of gel useful
even when fragments (differing by ten or more base pairs)
should be separated.

Here we report the advantages in application of a
novel gel material (Spreadex polymer NAB) for gel elec-
trophoresis. Compared to standard polyacrylamide gel,
addition of the polymer to polyacrylamide solution en-
hanced gel resolution and decreased electrophoresis run-
ning time. Namely, we identified more samples of colon
tissue that were tested for two different microsatellite re-
peats of the DPC4 gene as heterozygous. Erill and co-
workers23 also described the problems in the evaluation
of results following non-denaturing polyacrylamide gel
electrophoresis of the same polymorphic markers in co-
lon cancer tissues.

Thus, we can conclude that application of polyacryl-
amide gel with the Spreadex polymer NAB represents
inexpensive system that can improve not only detection
of closely spaced bends in polymorphism and mutational
studies, but also a variety of research and diagnostic
methods which require separation of DNA fragments
that are slightly different in length.
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Novi tip polimera pobolj{ava karakteristike poliakrilamidnog gela:
utvr|ivanje gubitka alela

Marina Korolija, Mirko Had`ija, Pajica Pavkovi}, Sanja Kapitanovi} i Marijana Popovi} Had`ija

Cilj rada je pobolj{ati metodu detekcije heterozigota i otkrivanja gubitka heterozigotnosti kori{tenjem no-
vog polimera. Testirano je 60 uzoraka normalnog i odgovaraju}eg tumorskog tkiva debelog crijeva. Umno`eni
segmenti razdvojeni su elektroforezom na dva tipa gela: standardnom akrilamid / N,N-metilenbisakrilamid gelu
te na istom gelu koji sadr`i Spreadex polimer NAB (Native Acrylamide-Bis). Na standardnom gelu detektirano
je 36 homozigota zdravog tkiva, dok je elektroforeza istih uzoraka na gelu oboga}enom polimerom otkrila me-
|u njima 12 heterozigota. Osim toga, 5 tumora odgovaraju}ih normala (od ukupno 12) izgubilo je jedan alel,
{to nije detektirano na standardnom gelu, zbog njegove manje mo}i razdvajanja. Elektroforeza na gelu s novim
polimerom predstavlja jednostavnu, financijski pristupa~nu, reproducibilnu i neradioaktivnu metodu za utvr|i-
vanje gubitka heterozigotnosti, ~ije su dobre karakteristike pove}ana senzitivnost, potrebna manja koli~ina
uzorka za analizu i potpuno razdvajanje odsje~aka koji se malo razlikuju u veli~ini. Primjena polimera bi mogla
pobolj{ati i neke druge dijagnosti~ke metode.
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