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There will be an increasing need of methods for as-
sessing the suitability of specimens for genetic-based
assays as DNA markers become an integral part of
molecular diagnosis. The targeting of specimens for
specific analyses will require the ability to rapidly
screen forDNAquality.Conventionalmethods suchas
Southern analysis and gene specific-polymerase chain
reaction (PCR) often require quantities of material
that represent a significant portion of the specimen,
especially in microdissected samples. Here we de-
scribe a novel application of a commonly used PCR-
based DNA-fingerprinting technology that requires
minimal quantities of DNA to simultaneously assess
multiple regions throughout the genome for DNA
quality. Randomly amplified polymorphic DNA
(RAPD) PCR generates DNA fragments of a broad size
range with the product size reflecting the degree of
sample fragmentation. Fourteen DNA samples ex-
tracted from cells microdissected from seven
formalin-fixed, paraffin-embedded oral cancer biop-
sies were assessed for DNA quality using gene-specific
PCRandRAPD-PCR. Although themore conventional
assay required 2-ng DNA (or 300-cell equivalents) to
examine DNA quality at a single locus, RAPD-PCR
provided a more informative profile of DNA quality
from the same microdissected archival specimens.
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Archival specimens represent a vast resource for
discovery and evaluation of prognostic DNA
markers. Knowledge of DNA quality is important
to determine the types of techniques that the
material can support. The quality of these speci-
mens is dependent on fixation and storage con-
ditions. Some DNA samples are highly frag-
mented or damaged by preservation procedures
and require special handling in reactions, for ex-
ample, the use of closer-spaced primers or larger
quantities of DNA in a PCR-based assay (1–4).
Other samples are better preserved, generating
amplified products of larger size. Because speci-
men yield is often a limiting factor in studying
nonrenewable, archival material, the ability to
assess DNA quality, with a minimal amount of
material, would allow the sorting of such speci-
mens for specific analytical use.
Several methods are commonly used to assess

DNA quality (Table 1). Although these methods
provide information on the degree of DNA frag-
mentation, not all can predict the sample’s ability
to support PCR. For example, procedures used to
preserve hospital specimens may introduce a
wide array of DNA alterations, including frag-
mentation as well as cross-linking and base loss
(1–4). In most cases, researchers do not pre-
screen samples for DNA quality but rather di-
rectly measure the status of a gene by single or
multiplex PCR, accepting a possible high failure
rate (5–7). Consequently, this requires the repe-
tition of the PCR reaction with an increased
amount of DNA and/or with multiple primers
that generate the gene in smaller pieces consum-
ing a significant portion of the DNA sample.
RAPD-PCR (8–11), a robust technique, enables
consistent genetic fingerprints from archival, mi-
crodissected specimens by the random amplifi-
cation of multiple loci throughout the genome,
producing an unbiased representation of DNA
quality. Here we report the use of this technique
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as an effective method for assessing DNA quality
in archival specimens.

MATERIALS AND METHODS

Microdissection of Tissue and Extraction of DNA
Formalin-fixed, paraffin-embedded archival bi-

opsies from seven oral squamous cell carcinomas
were obtained from the Oral Biopsy Service of Brit-
ish Columbia. Tissue sections of these samples
were deparaffinized using xylene and alcohol,
stained with hematoxylin and eosin, and manually
microdissected by LZ, an oral pathologist. Two
samples were collected from the same section for
each specimen: tumor and connective tissue. Dis-
sected cells were digested with proteinase K, and
DNA was extracted and quantified fluorometrically
(Picogreen kit, Molecular Probes, Eugene, OR).

Gene-Specific PCR
Two sizes of fragments were amplified from the

human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene (GenBank accession no. J04038) in
25-�L reaction mixtures containing 50 mM of KCl; 10
mM of Tris-HCl, pH 9; 0.1% Triton X-100; 2 mM of
MgCl2; 0.2 mM of deoxyribose trinucleotides (dNTPs);
0.8 �m of each GAPDH primer; 2.5 U of recombinant
Taq DNA polymerase; and 2 ng of DNA. The PCR
primers were as follows: GAP1 (5'-AACCTGCCAAAT-
ATGATGACATCA-3'), GAP2 (5'-GTCGTTGAGGGC-
AATGCCA-3'), and GAP3 (5'-GTCTTACTCCTTG-
GAGGCCATGA-3'). GAP1 and 2 produced a 163–base
pair (bp) fragment, whereas GAP1 and 3 produced a
363-bp fragment (Fig. 1A). PCR conditions were as
follows: denaturation at 94° C for 2 minutes, followed
by 35 cycles of amplification (94° C for 45 s, 60° C for
45 s, and 72° C for 2 min) and a final extension (72° C
for 10 min) in a PTC-100 Thermal Cycler (MJ Re-
search, Waltham, MA).

Randomly Amplified Polymorphic
DNA (RAPD)-PCR

RAPD-PCR primers were selected on the basis of
the number of fragments generated and their dis-
tribution on a 6% nondenaturing polyacrylamide
gel. A number of primers purchased from Operon
Technologies (http://www.operon.com) were as-
sessed, and PCR primers (5'-aatcgggctg-3' and 5'-
gaaacgggtg-3') were chosen for this study. Twenty
pmol of each primer were labeled with 1 �Ci of
[�-32P] adenosine triphosphate (Amersham Phar-
macia Biotech, Piscataway, NJ). Reactions were per-
formed in a 10-�L volume containing 2 ng DNA, 2.5
U of recombinant Taq DNA polymerase, 200 �M of
each dNTP, 10 mM of Tris-HCl (pH 8.3), 50 mM of
KCl, 2 mM of MgCl2, and 0.001% gelatin. All reac-
tions were performed for 45 cycles consisting of 94°
C for 1 minute, 35° C for 1 minute, and 72° C for 2
minute. PCR products were resolved on 6% non-
denaturing polyacrylamide gels (37:1 acrylamide:
N',N'-methylene-bis-acrylamide) and imaged by
autoradiography.

RESULTS AND DISCUSSION

Assessment of DNA Using Gene-Specific PCR
Seven arbitrarily chosen sample pairs (14 sam-

ples in total) were assessed by gene-specific PCR.
Figure 1B illustrates the results. Although all sam-
ples generated 163-bp fragments, only eight yielded
a 363-bp PCR product. The latter included samples
from Cases 402, 446, 448, and 451. For each speci-
men, DNA extracted from connective tissue (C) and
tumor (T) showed the same PCR response.

Assessment of DNA Quality Using RAPD
RAPD profiles from these samples were gener-

ated using the same quantity of DNA (Fig. 1C). The
size range of RAPD products varied among sample

TABLE 1. Techniques for Assessing DNA Quality

Method
Assesses

Suitability for PCR
Use and Limitations

Gel electrophoresis No Measures degree of fragmentation but not other parameters such as cross-linking
and nicks, etc., that affect PCR; requires tens to hundreds of nanograms of DNA
for visualization.

Southern analysis No Requires less DNA than electrophoresis but yields only size information and not
other parameters affecting PCR.

Gene-specific PCR (3) Yes Directly measures ability to amplify a DNA target of a specific size; requires a
specific primer pair for each gene; requires minimum of 2–5 ng per reaction;
requires multiple PCRs to determine effective size range.

Multiplex gene-specific PCR (5–7) Yes Increases gene-specific PCR to assess typically two to three targets in a single
reaction; requires a specific primer pair for each gene; requires several PCRs to
determine effective size range.

RAPD–PCR (8–11) Yes Requires as little as 2 ng of DNA (this work); yields information simultaneously on
ability to PCR multiple (�40) targets covering a broad size range using a single
pair of primers.

PCR, polymerase chain reaction; RAPD, randomly amplified polymorphic DNA.
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pairs, again with both members of a sample pair
giving a similar profile. Three of the sample pairs
(446, 448, and 451) had fingerprint patterns that
resembled the profile of cryopreserved tissue that
contains high-quality DNA. A fourth (402) gave re-
producible PCR products up to 350 bp. All four of
these sample pairs gave a 363-bp GAPDH fragment
(Fig. 1B). In contrast, Sample 405 gave a reliable
profile up to 200 bp, with less amplification of
larger sized fragments (lighter bands) and variation
between C and T for fragments of �200 bp. Speci-
mens 414 and 416 had the worst profiles with frag-
ments restricted to �150 bp. Increasing DNA con-
centration did not improve the quality of these
profiles. These results are consistent with the ab-
sence of a GAPDH 363-bp fragment in Figure 1B.

Targeting Analyses to Maximize Use of Material
We have extracted DNA from 137 oral premalig-

nant lesions and have obtained on average 100 ng
per sample. Although DNA yield varied between
samples, on average, we retrieved 100 ng of DNA
from three to four 12-�m sections for tumors and
from 10–12 sections for oral premalignant lesions.
As shown in Figure 2, 43% of cases produced pro-
files with �500-bp fragments in an RAPD assay,
29% produced intermediate-size fragments of 200
to 500 bp, and 28% yielded only small fragments of
�200 bp. It should be noted that there were no

obvious histological characteristics of these speci-
mens that would have predicted this variation in
DNA quality. This information could have several
applications. Although all of the samples can be
used for microsatellite analysis (12–14) and the am-
plification of small exons, only a portion of samples
will support procedures that require the amplifica-
tion of larger fragments; that is, degenerate oligo-
nucleotide primed PCR for comparative genomic
hybridization analysis (15–20) or Southern blot
analysis, cycle sequencing, and single strand con-

FIGURE 1. DNA quality assessment of 7 microdissected archival oral tumor and connective tissue pairs. A, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) gene with primer annealing positions. Numbers indicate nucleotide position on GAPDH sequence (GenBank Accession No.
J04038). B, PCR amplification (35 cycles) of a 163-bp and a 363-bp GAPDH gene fragment. PCR products were size separated on 1% agarose gels. C,
connective tissue; T, tumor. C, RAPD-PCR fingerprints of samples shown in B. �, positive control, high–molecular weight DNA extracted from a
frozen lung biopsy; �, negative control, a mock reaction with no template DNA.

FIGURE 2. Strategy for the use of DNA extracted from microdissected
oral premalignant lesions. The figure shows the fraction of 137 samples
with profiles consisting of different-sized fragments. Assays that the
material can support are indicated.
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formational polymorphism assessment for muta-
tion analysis (21). Through prescreening by RAPD-
PCR, it is possible to prevent the depletion of low-
quality DNA in experiments that require more
intact material, thus maximizing the use of precious
specimens.
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