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Quantitative PCR: validation of the use of a multispecific
internal control
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Although RT-PCR has many advantages over RNA blotting
methods, it can be difficult to obtain quantitative information,
due to the enzymatic nature of the PCR amplification, where
small variations in amplification conditions result in drastic
changes in product yield. In addition, due to the consumption
of the reaction components and generation of inhibitors, the
amount of products generated plateaus during later stages of the
reaction. These problems can be overcome by the use of internal
controls in the PCR. In competitive PCR, a DNA fragment
containing the same primer template sequences as the target is
used to compete for primers annealing and amplification. PCR
products are then distinguished by size, restriction sites or
Southern blot analysis. Competitive PCR methods require that
the target gene and competitive fragment amplify with equal
efficiency; this is the case when the internal standard is as similar
as possible to the sequence of interest. It had been postulated
that the length or primary sequence differences between the two
templates could have an effect on relative amplification efficiency.
However, results obtained by different laboratories using a
multispecific internal control template show that this is not the
case, at least in the exponential phase of the amplification (1,2).
In those reports, the analysis was limited to cycles 4 to 5 of the
late exponential phase, hence further analysis to define relative
amplification efficiency, at other stages of the reaction, are
necessary. This is the major drawback to a routine application
of the original Wang et al. technique (1).

In our report we have examined whether measurements using
a multispecific internal control can also be performed beyond
the exponential phase of reaction, with the aim of rendering the
technique independent of the number of cycles used. This
possibility has already been suggested for methods employing
an internal standard with the same sequence as the cellular
template, apart from the presence of either a small intron (3),
a small deletion (4) or a mutated restriction site (5). To address
this question, we have used for our multispecific internal control
two templates both different in size and nucleotides composition
from the cellular template. One pair of primers, specific for
mouse IFNy cDNA and multispecific internal control, was used
to amplify a 280 bp and a 250 bp fragment, respectively, and
the second pair of primers, specific for mouse IL10, to amplify
two fragments of 400 and 250 bp, respectively.
For quantitative analysis, fluorescent labeled primers were used

for the PCR and individual products were separated on

sequencing gels and quantified using a fluorescent automated
DNA analyzer (4,6). In order to determine the quantity of
products before PCR, we have taken advantage of this labeling
and purified fluorescent amplified PCR products. Standard and
cellular specific PCR products were mixed at different ratios (1/l
and 1/10 approximatively for IL10 and IFNy) and then analyzed
with the automated DNA analyzer to calculate the real ratio
obtained (stars on right panels). Mixes were then diluted up to
106 or 107 times and reamplified with the same primers for
different cycles numbers. Subsequently, the fluorescent intensity
obtained was quantified by computer analysis and then plotted
on a log scale against the number of cycles. As Fig. 1 clearly
shows the amplification proceeded with the same efficiency for
both templates, not only during the exponential phase, but also
during the non-exponential phase just up to the plateau.
Moreover, the ratios obtained over the entire amplification period,
up to the plateau phase, were always identical to the initial ratios
(stars on right panels). This showed that despite a difference in
primary sequence, a difference in size of 150 bp for IL10 and
a difference in initial quantities (up to 12 times), the two templates
were amplified in an identical manner for up to 40 cycles. Thus,
the amount of a specific cDNA, in the total cDNA, could be
calculated by comparison with the internal standard at any cycle
number. Our results support the validity of a multispecific internal
control, coupled to the quantification of PCR products with
fluorescent primers, for the quantification of a variety ofmRNA
molecules.
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Figure 1. Simultaneous amplification of IFN-y or IL10 from cellular cDNA or
multispecific standard cDNA: kinetic and ratios analysis. cDNA from mouse
lymphocytes and from the multispecific standard were amplified separately in
the presence of fluorescendy labeled primers specific for either IFN-y or IL10,
and combined at different ratios. An aliquot from each sample was analyzed using
a DNA analyzer and the ratio of the two products was determined (the star on
the right panels). Two dilutions (10-6 and 10-7, respectively for upper and lower
panel for each ratio) from each sample were re-amplified. The relative fluorescent
intensity for each PCR product (open circle for cellular cDNA, close circle for
standard cDNA) was determined with the fragment manager softwareTM
(Pharmacia) and the values were plotted on a log scale against the number of
amplification cycles (eft panels). Ratios of standard/cDNA (open square for 10-6
dilution, close square for l0- dilution) were also determined and plotted against
the number of amplification cycles and compared with initial ratios (stars) (right
panels).


