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Introduction

Clonally rearranged immunoglobulin- (IG) and T-cell receptor  

(TR) genes are key molecular targets for Minimal Residual 

Disease (MRD) diagnostics in B- and T-cell Acute Lymphoblastic  

Leukemia (ALL). MRD is used primarily to monitor course of  

disease during and after therapy for sensitive remission 

assessment, early detection of relapse and as a tool to guide 

therapy. Currently, MRD diagnostics entails the analysis of  

follow-up samples using patient-specific, real-time quantitative 

PCR (ASO-RQ-PCR) to monitor course of disease. An extensive 

marker screening panel of multiplex PCR assays targeting 

IG/TR gene rearrangements of a primary diagnosis sample  

is used to identify tumor-specific IG/TR rearrangements. 

To discriminate malignant clonal rearrangements against a  

polyclonal background, PCR fragments from IG/TR PCR  

assays are analyzed. The most frequently used methods for  

this fragment analysis are GeneScan® or dHPLC, followed  

Figure 1. Standard process 
for Minimal Residual 
Disease diagnostics.  
IG/TR rearrangements are  
amplified in samples and 
monoclonal rearrangements 
are distinguished from a 
polyclonal background by 
PCR fragment analysis.  
The separated and purified 
fragments are then 
sequenced and primers for 
subsequent monitoring are 
designed.
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by heteroduplex (HD) analysis to separate and purify fragments before sequencing (1–5; Figure 1). 

To improve cost effectiveness and automated high-throughput performance of MRD analysis,  

we tested the high-resolution capillary electrophoresis system QIAxcel Advanced as an alternative  

method for fragment analysis. We compared the performance of QIAxcel to GeneScan and 

dHPLC, specifically focusing on the retention of sensitivity. 

Materials and methods

Ten B-lineage samples taken from ALL patients at initial evaluation were analyzed using a  

standardized panel of 15 multiplex PCR assays targeting different immune gene rearrangements 

(6 reactions for IGH, IGL, and IGK and 9 for TRB, TRG, and TRD; 1–3). The resulting 150 PCR 

products were subsequently analyzed on QIAxcel Advanced, using the 12-capillary High-Resolution  

Gel Cartridge and the OM800 method in the QIAxcel ScreenGel® software. A custom alignment 

marker 100/600 bp was run simultaneously with the samples and the QX DNA Size Marker  

25–500 bp was used for size estimation. The same samples were analyzed by GeneScan 

(Applied Biosystems® ABI3500, POP7, 50 cm array, ROX-Size Standard 35–500 bp and dHPLC  

(Transgenomic® 4500HT, DNASepHT Cartridge). All identified clonal IG/TR rearrangements  

were isolated by HD analysis and verified by Sanger sequencing. To test sensitivity, clonal  

samples or monoclonal cell line DNA were diluted in polyclonal buffy coat DNA (6 dilutions 

ranging from 50% to 1%) and analyzed for all IG/TR targets.

Results and discussion

All amplifiable clonal IG and TR rearrangements (61/150) and all polyclonal signals (89/150) 

of the 10 evaluated ALL primary samples were as accurately detected with QIAxcel Advanced as 

with GeneScan and dHPLC (Figure 2).

Figure 2. All amplifiable clonal and polyclonal products were 
accurately detected by QIAxcel Advanced. All amplifiable 
products (1–3) from 10 ALL samples for initial evaluation 
were identified as accurately by QIAxcel Advanced as by 
GeneScan and dHPLC.
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Depending on the individual target, the detection limit of clonal cells within a polyclonal background 

was 5–10% using QIAxcel Advanced (Figure 3). Figure 4 summarizes the detection limit of 

QIAxcel versus dHPLC for all 15 multiplex PCR assays (1–3).

Figure 3. Detection with QIAxcel Advanced affords sufficient sensitivity. Monoclonal DNA isolated from the RAMOS (A and B) 
or JURKAT (C and D) cell lines was diluted (50, 20, 10, 5, 2 and 1%) in polyclonal buffy coat DNA and analyzed with 
GeneScan or QIAxcel Advanced. The lower detection limit (red arrow) for products of a PCR targeting IGH-FR1 was 5% for 
GeneScan (A) and 10% for QIAxcel (B). The lower detection limit for products of a PCR targeting TRG2 was 5% for both 
GeneScan (C) and QIAxcel (D).
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QIAxcel PCR dHPLC

50% 20% 10% 5% 1% ←   Dilution step   → 1% 5% 10% 20% 50%

• • TRB Tube A1 •

• • • • TRB Tube B1 • • • •

• • TRB Tube C1 • •

• TRG Tube 12 • •

• • • TRG Tube 22 • • •

• • • TRG Tube 32 • • •

TRD Tube A1

• IGH VJ Tube A1 • • • 

• • IGH DJ Tube D1 • • •

IGH DJ Tube E1 •

• • • IGL Tube A1 • • •

• • IGK Tube A1 • • •

• • • IGK Tube B1 •

TRD/A Tube A1

• TRD/A Tube B1 • • • •

Figure 4. The lower detection limit of QIAxcel is comparable to results from dHPLC. The dilution series of monoclonal DNA 
in polyclonal buffy coat DNA was analyzed on QIAxcel Advanced (left) and by dHPLC (right). Green squares indicate a  
dominant clonal signal, yellow squares a weak clonal signal, and red squares indicate no detectable clonal signal.  
A dot (•) indicates detection of the polyclonal background.

Conclusions

•  The performance of QIAxcel Advanced to identify clonal IG/TR rearrangements in Acute 

Lymphoblastic Leukemia using standardized multiplex PCR is comparable to dHPLC.  

However, GeneScan analysis should be used when extraordinary sensitivity is necessary.

•  The automation afforded by QIAxcel Advanced reduced handling time and processing errors. 

Furthermore, the integrated QIAxcel GelScreen software enabled easy electronic documentation 

and immediate visualization of results.

•  QIAxcel is a reliable, fast, cost-effective, and accurate tool for high-throughput IG/TR marker 

characterization in ALL as basis for clone-specific molecular disease monitoring.
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The applications presented here are for Molecular Biological Applications. Not for use in diagnostic procedures. No claim 

or representation is intended to provide information for the diagnosis, prevention, or treatment of a disease. 

For up-to-date licensing information and product-specific disclaimers, see the respective QIAGEN kit handbook or user 

manual. QIAGEN kit handbooks and user manuals are available at www.qiagen.com or can be requested from QIAGEN 

Technical Services or your local distributor.

See how you can benefit from automated gel electrophoresis at www.qiagen.com/QIAxcel.

Trademarks: QIAGEN®, QIAxcel®, Sample to Insight®, ScreenGel® (QIAGEN Group); Applied Biosystems®, GeneScan® (Life Technologies Corporation); Transgenomic® (Transgenomic, Inc.).

© 2015 QIAGEN, all rights reserved.

Ordering Information

Product Contents Cat. no.

QIAxcel Advanced Instrument Capillary electrophoresis device: includes computer, QIAxcel 
ScreenGel software, and 1-year warranty on parts and labor

9001941

QIAxcel DNA High Resolution Kit (1200) QIAxcel DNA High-Resolution Gel Cartridge, Buffers, Mineral 
Oil, QX Intensity Calibration Marker, 12-Tube Strips

929002

QX DNA Size Marker 25–500 bp DNA size marker with fragments of 25, 50, 75, 100, 150, 
200, 250, 300, 400, and 500 bp; concentration 100 ng/µl 

929560

www.qiagen.com
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