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  SUMMARY  • An international scale (IS) for quantitative measurement of BCR-ABL mRNA has been established that is anchored to two key points defined in the IRIS trial: a common baseline (100% BCR-ABLIS) and major molecular response (0.1% BCR-ABLIS). Definition of the IS currently relies on relating results directly or indirectly to the Adelaide international reference laboratory. A more robust definition of the IS requires the development of internationally accredited reference reagents.   • Four reference standards were prepared by diluting K562 cells (b3a2 expressing cell line) into the BCR-ABL negative cell line HL60. Cell mixtures with four levels of BCR-ABL were produced and freeze dried at 1.5x106 cells/ampoule.  • The aim of the field trial was to assign fixed % BCR-ABL / control gene values to each material  • The performance of the freeze dried cells was assessed by an international field trial (Jan - March 2009) that involved 10 laboratories (6 EU, 1 Canadian, 3 Asia/Australasia) using 4 different protocols and 8 different RQ-PCR platforms.  • The coefficient of variations obtained from the analysis of seventeen samples analysed in triplicate for each reference material were similar to those obtained when testing 17 aliquots of freshly prepared cell mixes suggesting that contents of the freeze dried ampoules are homogeneous.  • The mean %BCR-ABL / ABL values for the four reference materials following conversion to the IS were 0.0118, 0.1112, 1.1672 and 10.7469  • The mean %BCR-ABL / BCR values for the four reference materials following conversion to the IS were 0.0195, 0.1753, 1.6627 and 16.3129  • The mean %BCR-ABL / GUS values for the four reference materials following conversion to the IS were 0.0071, 0.0749, 0.8295 and 10.1235  • We propose that these values are adopted as the IS reference values for these materials   
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1. INTRODUCTION 
Reverse-transcription real-time quantitative PCR (RQ-PCR) is routinely used to quantify levels of 
BCR-ABL mRNA transcripts in peripheral blood and bone marrow samples from chronic myeloid leukaemia (CML) patients. The technique can determine accurately the response to treatment and is particularly valuable for patients who have achieved complete chromosomal remission. Despite efforts to establish standardised protocols for BCR-ABL fusion transcript quantitation1 there is still substantial variation in the way in which RQ-PCR for BCR-ABL is carried out and how results are reported in different laboratories worldwide2. In particular, the use of different control genes for normalisation of results means that there are several different units of measurement worldwide, e.g. BCR-ABL/ABL; 
BCR-ABL/BCR; BCR-ABL/GUSB, BCR-ABL/G6PD, BCR-ABL/β2M etc.   The CML meeting at the National Institutes of Health in Bethesda in October 2005 made several recommendations for the harmonisation of RQ-PCR for BCR-ABL including the use of one of three control genes (ABL, BCR or GUSB) 3,4. Most importantly, a new international scale (IS) for BCR-ABL RQ-PCR measurements was proposed which is anchored to two key levels used in the IRIS study 5, namely a standardised baseline defined as 100% BCR-ABLIS, and major molecular response (3 log reduction relative to the standardised baseline) defined as 0.1% BCR-ABLIS. Laboratories interested in using the IS should derive a laboratory-specific conversion factor to relate values obtained in their laboratory to IS values. The converted value from a given laboratory should then be equivalent to an analogous converted value obtained in any other collaborating laboratory. The strength of this approach is that (i) laboratories can continue to use their existing assay conditions (provided their assay is linear on analysis of the reference samples), and (ii) that they can continue to express results according to local preferences in addition to expressing results on the international scale. The concept of the international scale is analogous to established procedures for other quantitative assays, for example the International Normalised Ratio (INR) for prothrombin time.  The original standards used for the IRIS trial are no longer available, however traceability to the IRIS scale is provided by the extensive quality control data generated by the Adelaide laboratory over a period of several years. Establishment of the IS therefore requires the alignment of local test results either directly or indirectly with those obtained in Adelaide. Currently, this can be achieved by exchange of a series of patient samples with either the Adelaide or Mannheim international reference laboratories. Although this system works well, it is very laborious and consequently only open to a limited number of laboratories at any given time. The availability of internationally accredited reference reagents should in principle help to make the IS more accessible, as well providing a more robust framework for the scale itself.  Ideally, the formulation for reference reagents should be as close as possible to the usual analyte, should cover the entire analytical process, i.e. from RNA extraction to result and should be applicable to methods in use throughout the world. However it is essential that the formulation is stable over a period of several years and that it is physically possible to produce batches of sufficient size to satisfy demand over a similar period of time. It has been shown previously that good quality RNA can be extracted from freeze dried K562 cells6 and therefore one possible solution is the use of freeze dried cell line mixtures.  The aim of this collaborative study was to produce and perform an assessment of the use of freeze dried cell line mixtures as universal reference materials. As an initial step we identified cell lines in which the relative ratio of the three recommended control genes – BCR, ABL and GUSB – was similar to that seen in normal leucocytes. We surveyed 26 haemopoietic cell lines (ACC42, Jurkat, JVM2, Loucy, MOLT3, NALM76, PEER, REH,  RS4-11, T-ALL1, THP1, HeLa, MV4-11, Karpas, Caco2, ML-1, ML-2, 1E8, ALLPo, NB4, KG1, KG1a, HL60, Kasumi1, NOMO1, SKM1)  in up to 4 different centres and identified KG1 and HL60 as the best candidates to take forward for detailed evaluation. Following further field trial studies the HL60 cell line was chosen for the production of the reference material (http://www.ngrl.org.uk/Wessex/downloads/pdf/NGRLW_NIBSC_BCR_ABL_1.0.pdf). This report details the preparation of four reference materials and their evaluation in an international field trial that involved 10 laboratories (6 EU, 1 Canada, 3 Asia/Australasia) using 4 different protocols and 8 different RQ-PCR platforms. The aims of this field trial were to: i)Test four different dilution levels of K562 diluted in HL60 by measuring absolute copy numbers of BCR-ABL, absolute copy numbers of control genes and the BCR-ABL/control gene ratios and ii) assign fixed % BCR-ABL / control gene values to each material.   

http://www.ngrl.org.uk/Wessex/downloads/pdf/NGRLW_NIBSC_BCR_ABL_1.0.pdf
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2. MATERIALS AND METHODS 
2.1 Cell lines and preparation of reference materials 
The HL60 cell line was obtained from DSMZ and the K562 cell line was obtained from the Hammersmith Hospital, London, UK. All cell lines were grown by ECACC in RPMI 1640 medium supplemented with 10% fetal bovine serum (Sigma Aldrich). We produced four dilutions of K562 in HL60 that corresponded approximately to 10% (BCR/ABL 4  08/198), 1% (BCR/ABL 3  08/196), 0.1% (BCR/ABL 2  08/194) and 0.01% (BCR/ABL 1  08/192) BCR-ABL / ABL. Cell suspensions in ice cold 2X PBS were transferred to the National Institute for Biological Standards and Control (NIBSC) on ice. Cell suspensions were stored at 4ºC overnight with gentle stirring. The following day 3ml glass ampoules were filled with 1.5 x 106 cells (0.5ml) for freeze drying. The drying process took 65-67 hours and approximately 3500 vials of each level were produced.   
3. FIELD TRIAL EVALUATION (26TH JAN – 6TH MARCH 2009)  
Ten laboratories, who have validated IS conversion factors (appendix 1), took part in the field trial. Freeze dried cells in glass ampoules were distributed to laboratories by courier at ambient temperature. Twelve glass ampoules were supplied in three bags labelled batch 1, batch 2 and batch 3. Each bag contained 4 ampoules:  HL60 / K562 Level 1       approx 0.01% BCR/ABL                       (labelled BCR/ABL 1  08/192) HL60 / K562 Level 2       approx 0.1% BCR/ABL                          (labelled BCR/ABL 2  08/194) HL60 / K562 Level 3       approx 1.0% BCR/ABL                          (labelled BCR/ABL 3  08/196) HL60 / K562 Level 4  approx 10% BCR/ABL    (labelled BCR/ABL 4  08/198)  The cells were resuspend cells using the following protocol:  • Carefully open the glass ampoule following the instructions provided.   • Resuspend freeze dried cells in 1ml Trizol or 600µl RLT (Qiagen). Ensure that the material is fully lysed by repetitive pipetting.   • Transfer lysate to 1.5ml tube  RNA was extracted from each batch on different days using the entire lysate for each RNA extraction. Two cDNA reactions were performed for each of the extracted RNA samples from each batch using the established methods of the participating laboratories. The cDNA reaction were performed on different days, giving a total of 24 cDNA samples. Figure 1 shows the suggested order of analysis for the minimal number of reverse transcription batches. RQ-PCR for BCR-ABL and the control gene(s) was performed on each set of 4 cDNA samples for each batch in separate quantitative runs. Samples for BCR-ABL and the control gene(s) were analysed using the established methods of the participating laboratories.   The following data were recorded: date of RNA extraction, total µg of RNA, A260 / A280, A260 / A230, date of cDNA synthesis, final volume of cDNA reaction, volume of cDNA added to RQ-PCR, date of RQ-PCR, slope and gradient of standard curve, BCR-ABL transcript value (Ct value and copy number) control gene(s) transcript value  (Ct value and copy number), BCR-ABL / control gene(s) (%) before conversion to IS, BCR-ABL / control gene(s) (%) converted to IS.  
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Figure 1:  Schematic flow diagram showing suggested order of analysis for the minimal number of reverse transcription reactions and RQ-PCR runs. 
3.1 Results of Large Field trial  
10 laboratories participated in the field trial and all labs returned data; 6 participants from Europe, 1 from Canada, 1 from Korea and 2 from Australia (Appendix 1). 
3.2 Methodologies used 
3.2.1 Control genes analysed 
Three control genes were analysed in this study: ABL (6 labs, all with validated CF), BCR (5 labs, 3 with validated CF) and GUSB (6 labs, 3 with validated CF). 5 labs tested the samples using more than one control gene. 
3.2.2 RQ-PCR machines used 
Eight different type of RQ-PCR machines were used in this study: ABI 7500 (n=3), ABI 7000 (n=1), ABI 7700 (n=1), ABI 7900 (n=1), ABI 7300 (n=1), Corbett RotorGene 6000 (n=1), Roche LightCycler 1.5 (n=1), Roche LightCycler 480 (n=1) 
3.2.3 RQ-PCR methods  
3.2.3.1 RNA Extraction methods 
Two RNA extraction methods were used; 8 labs used Trizol (Invitrogen) and 2 used QIAGEN extraction kits.  
3.2.3.2 RT-PCR method cited 
Six of the participants cited Gabert et al. (2003)1 as one of the references used as their RQ-PCR protocol. Other references cited were Branford et al. (1999)7 and Emig et al (1999)8. One laboratory used an ‘in house’ developed assay. 
3.2.3.3 RT-PCR method and primers used 
All labs used random hexamers for reverse transcription.  
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3.3 Field trial data analysis 
3.3.1 RNA Extraction 
The mean and median amount of RNA extracted from each reference material is shown in table 1.   
          Table 1:  Mean and median amounts of RNA extracted for each reference material (n=10) 
  
3.3.2 Median copy numbers obtained for control genes 
The median copy number values obtained for each control gene in each lab are given in table 2. The values have not been corrected for variation in the amount of RNA extracted and used in the cDNA reaction or amount of cDNA added to the RQ-PCR and therefore the data are not comparable between labs. However, the data  confirm that the number of control gene transcripts is equal to or greater than that seen in patient samples for all three control genes.                       Table 2:  Median copy number values obtained for each control gene in each lab (NT = not tested).  

 
 
3.3.3 Mean, standard deviation and coefficient of variation for % BCR-ABL / Control gene 
The mean, standard deviation (SD) and coefficient of variation (CV) for the % BCR-ABL / control gene values for each reference material in each lab are shown in tables 3 (ABL) 4 (BCR) and 5 (GUSB). The linear regressions of the log transformed data from all labs (before and after conversion to the IS) are summarised in figures 3 (ABL), 4 (BCR) and 5 (GUSB).    

Reagent Median µg RNA Mean µg RNA 
BCR/ABL 1  08/192  16.70 14.86 BCR/ABL 2  08/194 16.66 14.34 BCR/ABL 3  08/196 15.40 14.16 BCR/ABL 4  08/198 18.99 17.42 
Combined 17.11 15.19 

Lab ID ABL BCR GUSB 
Lab 1 NT 1.34E+02 NT 
Lab 2 NT   NT 2.01E+05 
Lab 3 1.57E+05   NT 4.60E+05 
Lab 4 NT 7.45E+05  NT 
Lab 5 7.12E+04 NT 1.71E+05 
Lab 6 2.65E+05 4.42E+05 6.66E+05 
Lab 7 5.73E+04 NT  NT 
Lab 8   NT 1.14E+06 NT 
Lab 9 7.93E+04 NT 2.30E+05 
Lab 10 1.96E+05 1.38E+05 2.81E+05 
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                                                     Table 3:  Mean, Log 10 Mean, Mean IS, Log 10 Mean IS, SD and CV values for %BCR-ABL / ABL for each laboratory for the HL60 / K562 reference materials. 
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 Figure 2:  Summary of the linear regressions of the log transformed data obtained from all labs testing BCR-ABL / 
ABL for the 4 reference materials (Sample 1; BCR/ABL 1 08/192, Sample 2; BCR/ABL 2 08/194, Sample 3; BCR/ABL 3 08/196 and Sample 4 BCR/ABL 4 08/198). Regression plots are shown for data before and after conversion to the IS.  
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                                                       Table 4:  Mean, Log 10 Mean, Mean IS, Log 10 Mean IS, SD and CV values for %BCR-ABL / BCR  for each laboratory for the HL60 / K562 reference materials. 
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     Figure 3:  Summary of the linear regressions of the log transformed data obtained from all labs testing BCR-ABL / 
BCR for the 4 reference materials (Sample 1; BCR/ABL 1 08/192, Sample 2; BCR/ABL 2 08/194, Sample 3; BCR/ABL 3 08/196 and Sample 4 BCR/ABL 4 08/198). Regression plots are shown for data before and after conversion to the IS.  
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                                                       Table 5:  Mean, Log 10 Mean, Mean IS, Log 10 Mean IS, SD and CV values for %BCR-ABL / GUS  for each laboratory for the HL60 / K562 reference materials. 
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                                                          Figure 4:  Summary of the linear regressions of the log transformed data obtained from all labs testing BCR-ABL / 
GUS for the 4 reference materials (Sample 1; BCR/ABL 1 08/192, Sample 2; BCR/ABL 2 08/194, Sample 3; BCR/ABL 3 08/196 and Sample 4 BCR/ABL 4 08/198). Regression plots are shown for data before and after conversion to the IS.  
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3.4 Homogeneity testing 
To assess the homogeneity of the material distributed into the glass ampoules, 17 vials (randomly picked from each freeze fry fill) of each reference material were tested in triplicate in the same RQ-PCR run. 17 samples of freshly made material (i.e. not freeze dried) were also tested in triplicate. The coefficient of variation (CV) for each reference material tested in triplicate in the same run is shown in table 6. The CV of the fresh material is similar to that of the freeze dried samples suggesting that contents of the freeze dried ampoules are homogeneous.  

  Table 6:  Coefficient of variation for triplicate analysis of 17 vials of freeze dried cells of each reference material and 17 aliquots of freshly prepared cell line mixtures (level 1 and 4 only) 
 
4. CONCLUSIONS 
The aim of the field trial was to assign fixed % BCR-ABL / control gene values to each material  The mean %BCR-ABL/control gene values obtained following conversion to the international scale are shown in table 7. We propose that these international scale values should be assigned to this batch of material.               Table 7:  The mean %BCR-ABL/control gene values obtained for each reference material following conversion to the international scale. 
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 % BCR-ABL / ABL % BCR-ABL / BCR % BCR-ABL / GUS 
BCR/ABL 1  08/192 0.0118 0.0195 0.007 
BCR/ABL 2  08/194 0.1112 0.1753 0.075 
BCR/ABL 3  08/196 1.1672 1.6627 0.829 
BCR/ABL 4  08/198 10.7469 16.3129 10.123 
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