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Quantitative Analysis of Sp

ecific mRNA

Transcripts Using a Competitive PCR Assay
with Electrochemiluminescent Detection

Jeffrey A. Heroux and Ann Marie Szczepanik

Neuroscience Product Group Unit, Hoechst-Roussel Pharmaceuticals, Inc.,

Reverse transcriptase—polymerase
chain reaction (RT-PCR) has been
widely utilized for both the qualita-
tive and quantitative assessment of
the levels of specific mRNA tran-
scripts in living systems. Quantita-
tion of specific transcripts has often
proved to be problematic because of
the difficulty associated with relating
the PCR-amplified product to the
starting cDNA representing the
mRNA of interest. We have overcome
these difficulties and have developed
a competitive PCR assay employing
the property of electrochemilumi-
nescence for the detection of PCR
products. This assay possesses the
dual advantage of being both nonra-
dioactive and highly sensitive.

The coupling of the reverse transcrip-
tion of mRNA with the amplification of
discrete DNA sequences via PCR (RT-—
PCR) has allowed for the detection and
evaluation of low-abundance RNAs ex-
pressed in a variety of biological sys-
tems.»? RT-PCR has exceeded the limit
of sensitivity of all previously described
techniques such as Northern blotting, ri-
bonuclease protection, and in situ hy-
bridization by virtue of its ability to am-
plify a nucleotide sequence of interest in
an exponential fashion using gene-spe-
cific primers. Despite the relatively high
degree of specificity and sensitivity of
RT-PCR, several limitations exist when
utilizing this technique for quantitative
analysis. This is primarily the case for
two reasons: (1) small differences in the
amplification efficiency between two in-
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dividual PCR reactions can lead to signif-
icant differences in product yield, thus
confounding the interpretation of com-
parative, quantitative measurements be-
tween multiple samples; and (2) there is
often a nonexponential accumulation of
PCR product, commonly referred to as
the “‘plateau effect,” that typically oc-
curs during the later cycles of PCR and is
dependent on the starting template con-
centration. As a result of these events,
the amount of PCR product cannot reli-
ably be related to the starting concentra-
tion of target DNA and quantitative anal-
ysis becomes impossible unless one
determines PCR product yield over sev-
eral cycles or template concentrations.
These limitations have been overcome
in large measure by the recent develop-
ment of competitive PCR.** In compet-
itive PCR, a target sequence is coampli-
fied in the presence of a competitor
molecule that contains primer anneal-
ing sites identical to that of the target
molecule, However, the competitor mol-
ecule differs in some other property,
such as size or the presence or absence of
a unique restriction enzyme site, so as to
allow it to be distinguished from the am-
plified target during the analysis of the
PCR products. Because the ratio of target
to competitor product is unaffected by
the amplification efficiency during PCR,
one is able to determine precisely the
starting target template concentration
by coamplifying varying amounts of
competitor in the presence of a fixed
concentration of target sequence and a
limiting concentration of primers. We
report here on the development of a
competitive PCR assay that employs
electrochemiluminescence (ELCL) de-
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tection of both PCR target and competi-
tor molecules following coamplification
of their respective DNA templates. This
assay offers the high sensitivity of ELCL
detection of PCR product coupled with
the ability to distinguish product mole-
cules by way of a unique restriction site
contained within the competitor tem-
plate. These properties allow for the
quantitative detection of low amounts of
target DNA template as well as the use of
small sample volumes (1 pl or less) for
PCR product analysis.

MATERIALS AND METHODS
Generation of Competitor Molecules

As illustrated in Figure 1 competitor mol-
ecules were synthesized using a modifi-
cation of a method described previ-
ously.® In brief, gel-purified target DNA
was amplified for 30 cycles using the
original forward primer and a modified
reverse primer consisting of an 18-base
sequence corresponding to the nucle-
otide sequence immediately 3’ to the
original reverse primer sequence, as well
as a unique restriction site (Xbal and a
4-bp “stuffer’’) and original reverse
primer sequences. The purpose of the
stuffer sequence was to allow for easier
resolution of the target and uncut com-
petitor during gel electrophoresis. The
resultant PCR product was gel purified
and resuspended in 1x TE buffer con-
taining 1% linear acrylamide carrier (Se-
prasol; Integrated Separations Systems,
Inc.).

RT-PCR

Total RNA was isolated from rat spleen or

PCR Methods and Applications 327


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on June 23, 2026 . Published by Cold Spring Harbor Laboratory Press

Researchlii 11 I I R

PCR
Amplification

1 original forward primer
=1 nested primer sequence

[ restriction site + 4 bp stuffer
N Coniginal reverse primer

FIGURE 1 Schematic depiction of the PCR
generation of IL-18 competitor molecules.
The sequence of the restriction site (under-
lined) and the stuffer sequence was TCTA-
GACGAA; the sequence of the nested primer
sequence was GTGGGTGTGCCGTCITTC.
The size of the PCR-amplified competitor
molecule was 282 bp.

brain cortical tissue using Trizol reagent
(GIBCO-BRL) according to the manufac-
turer’s instructions, reconstituted in 50
w1l of DEPC water, and stored at —80°C
until use. For RT reactions (20 nl total
volume), 10 pl of total RNA was mixed

with 1 pl of oligo(dT) (0.5 pg/pl), heated
for 10 min at 70°C, and chilled on ice.
After a brief spin to collect the contents
of the tube, 4 ul of 5X buffer [94 mm
Tris-HCI at pH 6.9, 453 mm KCl, 23 mM
MgCl,, 750 pM B-NAD, 50 mm (NH,),
SO,)], 2 pl of 0.1 M dithiothreitol, 1 pl of
10 mM dNTP stock, 0.5 pl of human pla-
cental RNA inhibitor, and 1 pl of Super-
script RT (GIBCO-BRL) were added. The
reaction was incubated at 37°C for 1 hr,
inactivated for 10 min in a boiling water
bath, and stored at —20°C until use, at
which time the spleen and cortical cDNA
samples were diluted 200- and 4-fold, re-
spectively. Typically, 1 pl of cDNA was
used for each 50-pl PCR reaction. Target
sequences were amplified using a for-
ward and reverse primer pair that was
labeled on the 5’ end with biotin and
TBR ([Tris (2,2'-bipyridine) ruthenium
(1) chelate; Applied Biosystems], respec-
tively. The sequence of the forward
primer was Biotin—-GAAGCTGTGGCAG-
CTACCTATGTCT, whereas the sequence
of the reverse primer was TBR-AGCT-
CATGGAGAATACCACT. The size of the
target sequence amplified with this
primer pair was 272 bp. PCR reactions
were carried out in 200-ul thin-walled
tubes (Applied Biosystems) in a final vol-
ume of 50 ul, and consisted of 1x PCR
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Analysis via QPCR System 5000

Capture with SA Magnefic Beads ‘
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FIGURE 2 General scheme of the competitive PCR assay described in Results and Discussion. The
abbreviations used are as follows: (B) Biotin; (TBR) Tris (2,2'-bipyridine) ruthenium (II) chelate;
(SA) streptavidin.

buffer 11 (50 mm KCl, 10 mwm Tris-HCI at
pH 8.3), 2 mm MgCl,, 200 pm dNTPs, 2.5
units of AmpliTaq DNA polymerase (Ap-
plied Biosystems), 0.1 um of both for-
ward and reverse primers, and varying
amounts of template DNA. The reactions
were started with a 5-min incubation at
72°C and then cycled at 94°C for 30 sec,
60°C for 30 sec, and 72°C for 30 sec for 30
rounds of amplification. The reaction
was completed with a final 7-min exten-
sion step performed at 72°C.

ELCL Detection of PCR Products

Following PCR, 1 pl of product was com-
bined with 30 pg of streptavidin (SA)
Dynabeads (Applied Biosystems), in a fi-
nal volume of 50 wl with PCR buffer II,
and incubated for 15 min at room tem-
perature with vortexing. SA-captured
PCR products were then analyzed via the
QPCR System 5000 following the addi-
tion of QPCR assay buffer. For analysis of
coamplified target and competitor se-
quences, 1 ul of PCR product was sub-
jected to Xbal digestion for 1 hr in a total
volume of 30 wl and incubated with SA
Dynabeads as described. In addition, a
mock digestion was performed in paral-
lel to assess total sample luminosity.

RESULTS AND DISCUSSION

The utilization of ECL for the detection
of PCR products using the QPCR system
5000 (Applied Biosystems) has been de-
scribed recently.®® In brief, PCR prod-
ucts generated using biotin- and TBR-la-
beled primers possess the dual capacity
of being captured by SA-labeled mag-
netic beads and producing light follow-
ing electrical stimulation. The basis of
the competitive PCR assay described
here is outlined in Figure 2. In a series of
parallel PCR reactions, a constant
amount of ¢cDNA is coamplified in the
presence of varying amounts of compet-
itor. During amplification, the DNA tem-
plates compete for a finite amount of de-
rivatized primers, usually present in the
reaction at a concentration <0.5 pm. As
the target and competitor sequences
compete identically for a limited pool of
primers and are presumably coamplified
with equal efficiency, one is able to de-
termine the starting target cDNA con-
centration by extrapolating from a curve
generated by plotting the target to com-
petitor ratio at varying competitor tem-
plate concentrations. The amount of
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FIGURE 3 Effect of Xbal digestion on the lu-
minosity of the IL-18 target and competitor
molecules. Target and competitor molecules
were generated as described in Materials and
methods and subjected to a mock or Xbal di-
gestion as described in Materials and meth-
ods. (Lanes 1,3) Mock-digested target and
competitor molecules; (lanes 2,4) Xbal-di-
gested target and competitor molecules. (4)
DNA electrophoresis of 30 pl of samples
(lanes 1-4) on a 2% agarose gel. The predicted
and actual size of the DNA bands are 272 bp
for the target and 282 and 253 bp for the
mock- and Xbal-digested competitor, respec-
tively. (B) QPCR analysis of 1 pl of samples
(lanes 1-4). The analysis was performed in
triplicate for each sample. The bars represent
the standard error of the mean.

competitor and target DNA template are
equivalent when their respective prod-
ucts are present in equal amounts, that
is, when the target to competitor ratio is
equal to 1.

Because the use of derivatized primers
confers the property of ECL to both the
competitor and target PCR products, de-
termination of the relative contribution
of each to the total luminosity is an es-
sential requirement of the assay. This is
achieved by way of a unique restriction
site built into the competitor DNA se-
quence and not found in the endoge-
nous target sequence. As shown in Figure
3, restriction enzyme digestion of the
competitor product dissociates the prop-
erty of ELCL, conferred on the product
by way of the TBR moiety, from the bi-
otin group, which is necessary for cap-
ture. As a result, digestion of a mixture of
competitor and target molecules will

produce a luminosity measurement con-
tributed primarily by the target alone
(see Fig. 3). The target product is unaf-
fected by Xbal (a site contained solely in
the competitor) digestion (Fig. 3A,B,
lanes 2), whereas the competitor product
is cleaved, thereby significantly reducing
the luminosity (Fig. 3A,B, lanes 4). Re-
sults of mock digestions are indicated in
lanes 1 and 3 for target and competitor
respectively. Although the digestion of
the competitor was only ~94% com-
plete, as indicated by the luminosity
(Fig. 3, lanes 4), our experience has
shown that the outcome of competitive
PCR experiments is unaffected providing
that the comparisons made are relative
and are made within the same experi-
ment.

Application of the competitive PCR
assay (described above) to the measure-
ment of interleukin-18 (IL-18) mRNA
transcripts in rat cerebral cortex and
spleen stimulated by intraperitoneal in-
jections of kainic acid and lipopolysa-
charride (LPS), respectively, is shown in
Figure 4. Comparisons of vehicle [phos-
phate-buffered saline (PBS) (0.9% NaCl,
0.1 M NaH,PO,)] versus treatment rats
were made at a target-to-competitor ra-
tio of 1 and revealed 50- and 8.5-fold
changes of IL-13 mRNA transcripts in
cortex and spleen, respectively. These
observations are consistent with the
known reported effects of these stimu-
lants and serve to validate the assay.”"®

In summary, we report here on a
competitive PCR method employing
ELCL detection, which is useful for the
evaluation of changes of specific mRNA
transcripts in biological systems. This as-
say accounts for differences in amplifica-
tion efficiency between PCR reactions by
normalizing the amount of endogenous
target product to the amount of coam-
plified competitor product. Because a
unique restriction enzyme site is con-
tained within the competitor template,
ELCL quantitation of both coamplified
target and competitor molecules be-
comes possible. Therefore, the nonradio-
active quantitation of very low concen-
trations of PCR product becomes pos-
sible, as this method of detection offers
an extremely high degree of sensitivity,
reportedly down to the attomole level.®®
Although the efficiency of the conver-
sion of mRNA to ¢cDNA was not ac-
counted for in this assay, one could eas-
ily incorporate the use of a mutated RNA
competitor into the RT reaction.® As a

result, the assay would be normalized for
differences in efficiences in both the RT
and PCR steps of the protocol, as the tar-
get and competitor molecules are core-
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FIGURE 4 Competitive PCR analysis of
changes in IL-18 mRNA levels in rat cortex
and spleen following stimulation with kainic
acid and LPS, respectively. (4) Rats were in-
jected intraperitoneally with a PBS solution
containing kainic acid (10 mg/kg body
weight) and sacrificed 2 hr later. The cortex
was rapidly removed and processed as de-
scribed. A constant amount of cDNA was sub-
sequently coamplified in the presence of a
varying amount of competitor. The absolute
amount of competitor was not determined, as
only relative fold changes between control
and stimulated rats was desired. The amount
of target and competitor was determined as
described in ELCL Detection of PCR Products.
The relative fold change in IL-18 mRNA tran-
scripts between control and stimulated corti-
cal samples was normalized for total RNA con-
tent and was determined at a target-to-
competitor ratio equal to 1. (B) Rats were
injected intraperitoneally with a suspension
of PBS containing LPS (250 pg/kg body
weight) and sacrificed 2 hr later. Tissue sam-
ples were processed as described in A.
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verse transcribed as well as coamplified
together. The general technique de-
scribed here could also be employed
with other systems presently used for the
detection of PCR products. For example,
the basic strategy would be useful for the
discernment of target and competitor
molecules in any one of a number of
available systems that employ a hapten-
labeled primer followed by conjugated
antibody binding and colorimetric de-
tection.
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