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(57) ABSTRACT 

A method for balancing multiplexed PCR methods is pro 
vided. In the method, tWo or more sequential temporal PCR 
stages are used to e?‘ectively separate tWo or more PCR 
reactions in a single tube as an alternative to primer limiting 
to modulate the relative rate of production of a ?rst amplicon 
by a ?rst primer set and a second amplicon by a second 
primer set during the ?rst and second ampli?cation stages. 
Also provided are rapid RT-PCR methods that ?nd particular 
use in intraoperative diagnoses and prognoses, for instance 
in diagnosing malignant esophageal adenocarcenoma by 
determining expression levels of carcinoembryonic antigen 
(CEA) in sentinel lymph nodes. 
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PCR METHOD AND RELATED APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§l20 to US. patent application Ser. No. 10/090,326, ?led 
Mar. 4, 2002, Which, in turn, claims priority under 35 U.S.C. 
§ 119(e) to US. Application Ser. No. 60/273,277, ?led Mar. 
2, 2001, both of Which are incorporated herein by reference 
in their entirety. 

STATEMENT REGARDING FEDERAL 
SUPPORT 

[0002] This invention Was made With government support 
under Grant No. CA90665-0l, aWarded by the National 
Institutes of Health. The government has certain rights in 
this invention. 

BACKGROUND 

[0003] This Application discloses a rapid PCR method, 
With particular focus on a rapid multiplex QRT-PCR method 
and related compositions and apparatus. 

[0004] Polymerase chain reaction (PCR) is a powerful tool 
in the ?eld of molecular biology. This technique alloWs for 
replicating/amplifying trace amounts DNA fragments into 
quantities that can be analyZed in a meaningful Way. As such 
this technology has been adapted to molecular biological 
applications like DNA sequencing, DNA ?ngerprinting, etc. 
Additionally, this method has the ability to detect speci?c 
DNA fragments in samples, Whose presence may re?ect a 
pathological state. Therefore, this method is ?nding neW 
applications in the ?eld of molecular diagnostics. Further 
more With the development of real-time quantitative PCR 
(QPCR), this technology has become more reliable as Well 
as amenable to automation. Currently, this technology is 
used for the detection of viral and bacterial pathogens in 
clinical samples and for the detection of cancer cells in 
patients With a history of leukemias (and other cancers such 
as those that arise in the breast, lung, colon, esophagus and 
skin). 
[0005] PCR in molecular diagnostics, despite its advan 
tages, has several shortcomings. Often, this is a technique 
that is dependent on the technical expertise of the operator. 
Additionally, it is also very prone to contamination. The 
combination of these tWo above-mentioned factors results in 
false negative and false positive results respectively. There 
fore, there is a need to incorporate internal controls along 
With the target of interest as Well as automate the process to 
ensure operation Within a closed system (to eliminate con 
tamination). The incorporation of controls involves the 
ampli?cation of several different sets of DNA fragments in 
addition to the target of interest. These controls provide 
information about the quality of the samples being analyZed 
as Well as that of the assay in any given run. For technical 
reasons, analyZing multiple DNA targets Within a sample in 
the same reaction tube through PCR (known as multiplex 
ing) does not Work Well When the targets are not present in 
similar abundance at the beginning of the reaction. Histori 
cally, investigators have attempted to overcome this by 
limiting the primers in the PCR reaction. This approach is 
based on the idea that by limiting the reagents in one 
reaction, it stops the reaction at a point after adequate 
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ampli?cation has occurred for that target but before inhibi 
tion of ampli?cation of other sequences. Though this method 
can increase the difference in initial abundance betWeen the 
tWo targets that Will still result in the successful ampli?ca 
tion of both targets, it does not alloW for the detection of a 
rare target in the milieu of a second target that is several 
orders of magnitude more abundant. Furthermore, When a 
rapid QPCR assay is called for, decreasing the primer 
concentration also Worsens quantitation. 

[0006] A further limitation of current PCR technologies is 
the time it takes to perform PCR diagnoses. Typical PCR 
reactions take hours, not minutes. As described beloW, 
decreasing the time it takes to carry out a PCR reaction is 
desirable for many reasons. Therefore, there is a need for an 
automated PCR based point of care molecular diagnostic 
system, especially a rapid, multiplexed (RT-)PCR assay. 

SUMMARY OF THE INVENTION 

[0007] Rapid and robust PCR and RT-PCR methods are 
provided that permit execution of a complete PCR reaction 
in minutes, not hours, permitting use of PCR in intraopera 
tive diagnoses, for example, but Without limitation, for 
detecting micrometastases in sentinel lymph nodes, as an 
superior alternative to, or in addition to typical pathological 
methods such as histopathological examination of lymph 
nodes. 

[0008] Also provided is an alternative to primer limiting as 
a method for balancing a multiplex PCR reaction, especially 
quantitative PCR ampli?cations, With particular usefulness 
in QRT-PCR reactions. This method ?nds particular use 
When one target sequence to be ampli?ed is far less preva 
lent than another to be ampli?ed in the same reaction 
mixture. The method comprises the step of conducting a 
PCR ampli?cation on a DNA sample in a PCR reaction 
mixture in a ?rst ampli?cation stage and a second ampli? 
cation stage. The PCR ampli?cation of the second ampli? 
cation stage is conducted under different reaction conditions 
than the PCR ampli?cation of the ?rst ampli?cation stage to 
modulate the relative rate of production of a ?rst amplicon 
by a ?rst primer set and a second amplicon by a second 
primer set during the ?rst and second ampli?cation stages. 
Additional ampli?cation stages may be added. 

[0009] TWo non-limiting speci?c embodiments of this 
method are disclosed. In the ?rst embodiment, the second 
primer set is added to the reaction mixture at the beginning 
of the second ampli?cation stage, thereby limiting the physi 
cal presence of the second primer set during the ?rst stage. 
In this method, the rarer target sequence preferably is 
ampli?ed before the less-rare sequence Which typically is a 
control, such as [3-gus or l8SrRNA sequences. 

[0010] In the second embodiment, the PCR reaction mix 
ture includes the ?rst primer set having a ?rst effective Tm 
and the second primer set having a second effective Tm 
different from the ?rst effective Tm. The relative rate of 
production of the ?rst amplicon by the ?rst primer set and 
the second amplicon by the second primer set during the ?rst 
and second ampli?cation stages is modulated by conducting 
the annealing step of the ?rst ampli?cation stage at a 
different temperature than the annealing step of the second 
ampli?cation stage. In this second embodiment, the anneal 
ing temperature for the second ampli?cation stage may be 
higher or loWer than the annealing temperature for the ?rst 
ampli?cation stage. 
































































