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resulted in the widespread suggestion that such controls do not exist. Armored Technology is a method of
creating homogeneous, consistent, nuclease-resistant control materials that can address these challenges.
We describe the use of Armored Technology as quantitation standards and process controls for molecular
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following strict regulatory compliance have made Armored RNA a widely accepted positive control and
standard for molecular diagnostic tests, new assay development and optimization, and laboratory training
and qualification. Furthermore, spiking Armored RNA into clinical samples before RNA isolation enables
monitoring of sample preparation efficiency. This provides a better control over the inherent variability
between clinical labs, platforms and RNA isolation methods. The unique stability of Armored RNA after
introduction into human matrices such as blood, plasma or bone marrow makes it an ideal extraction
control allowing calibration of the entire process. Furthermore, individual Armored RNA preparations may
be combined for use as a single-well control in multiplex assays. After formulating a mixture of Armored
RNAs at levels appropriate for the downstream assay, the mixture can be extracted or heat lysed as
described above.

MATERIALS AND METHODS

As a model for process controls and standards in molecular oncology monitoring, Armored RNA Quant
controls were developedfor BCR/ABLt(9;22)[b2a2,b3a2,e1a2],ABL (exon 10/11)and ab3a2-like exogenous
internal calibrator sequence (MRD Norm). Target sequences were contained within a nuclease-resistant
protein coat and quantified by a NIST-traceable phosphate assay. An extractable 3-target calibration set
was used to generate 3 standard curves using only 3 wells: BCR/ABL, ABL and MRD Norm. The controls were
extracted and detected using a multiplex gRT-PCR assay. Simultaneous detection of endogenous normalizer
ABL and exogenous quantitation standard was achieved through the use of multiple dye-labeled probes.
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Figure 3. Assay linearity and analytical sensitivity using IVTs (in vitro transcripts).
After assay optimization, serial dilutions of BCR/ABL b2a2, b3a2, e1a2, ABL and MRD Norm IVTs were individually tested for linear range and analytical sensitivity of each
target in the assay.
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Figure 4. Linear curves of BCR/ABL with constant levels of MRD Norm IVTs (in vitro transcripts).

To introduce MRD Norm as an external control, 1000 copies of MRD Norm IVT were spiked into each IVT dilution. The spiked MRD Norm did not
interfere with target detection. If the input RNA of BCR/ABL was higher than 1.0E+06, MRD Norm detection was not observed (b2a2 and b3a2) or
was less efficient (e1a2), presumably because high target levels outcompeted the MRD Norm internal control.

Table 3. Percent of BCR/ABL/ABL Ratio and copy per ml blood of BCR/ABL obtained from IVT standard curves. A widely used method for reporting of BCR/ABL levels is as
percent ratio to ABL levels; however, it cannot correct for differences between laboratories. An alternative method of reporting is copy per mL blood. ARQ MRD Norm can be
added to each patient sample prior to extraction allowing for more consistent interlaboratory resulting. The normalized copy per mL of BCR/ABL was proportional to the spiked
BCR/ABL. Without normalization, copy per mL of BCR/ABL did not account for the loss during extraction. The relative amount of BCR/ABL in the WBC of healthy individuals ranges
from 5-20 copies per 5.0E+07 to E+08 WBC. The frequency of healthy individuals having the BCR/ABL in their blood is 30% (22/73) and is age dependent (Biernaux et al). The

range of BCR/ABL of donors 5-9 obtained from our assay ranges from 59 to 610 copies per 4 to 11E+06 WBC.

CONCLUSION
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