






































































































































































































































































Figure 7.3 Scatter plot showing mononuclear cells, as measured by expre ion of 

CD34-FITC (FITC-A) and propidium iodide (PI-A), with gate P3 over the region 

of viable cells. 

PE-A 

Figure 7.4 Scatter plot showing mononuclear cells, as measured by expression of 

CD34-FITC (FITC-A) and CD4S-PerCP-CyS.S (perCP-CyS.S-A), with gate P4 

over the region of CD4S-PerCP-CyS.S dim cells that brightly co-express CD34-

FITC. 

c:( 

o 
I­
l.L.. 

10
3 

10
4 

Per P-Cy5-5-A 

- 1 13 -



7.4.2 Isolation of CD34+ cells from the peripheral blood of newl~' 

diagnosed patients with CML 

We identified patients with newly diagnosed CML who were yet to receive any 

treatment for their disease, and who were expected to receive imatinib as first line 

therapy. All patients gave their consent for inclusion in this study (Appendix 1). 

Twenty millilitres of peripheral blood were taken and placed into a sample tube 

containing preservative free heparin, and this was then transported to the laboratory. 

The sample was diluted with minimacs buffer (phosphate buffered saline (PBS) 

containing 0.5% bovine serum albumin (BSA) and 2mM EDT A), according to Table 

7.1. MNC's were then separated from the diluted cell solution by density gradient 

centrifugation, washed 3 times in minimacs buffer, and resuspended in 300l-li 

minimacs buffer per 1 x 108 cells. A maximum of 2 x 108 cells were labelled with 

FeR blocking reagent and Hapten-Antibody, according to the instructions in the 

Direct CD34 Progenitor Cell Isolation Kit (Miltenyi Biotec). Labelled cells were 

placed onto a MS column (Miltenyi Biotec) and CD34 cells were 

immunomagnetically separated from the mononuclear cells, according to the 

manufacturer's instructions. Up to 1 X 105 cells underwent flow cytometry to assess 

the purity of the cells, and up to 2 X 104 cells were stored for later fluorescent in situ 

hybridisation (FISH) analysis of BCR-ABL. The remaining cells were placed in 

1001-l1 of PicoPure Extraction Buffer (Arcturus) per 5 x 106 cells, incubated at 42°C 

for 30 minutes, centrifuged at 3,000 rpm for 2 minutes and then the RNA containing 

supernatant was placed into a fresh microcentrifuge tube and stored at -80°C. 
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Table 7.1 Table of the volumes required for dilution of the peripheral blood 

samples with buffer. 

Peripheral blood white Volume of sample (ml) Volume of minimacs 
cell count (x 109n) buffer (ml) 

10 20 20 
10-25 20 40 
25-50 20 60 I 
50-100 20 80 i 

100-300 20 100 
I 

! 

>300 20 120 i 

7.5 Results and Discussion 

In order to develop and test a protocol for isolating CD34+ cells from cryopreserved 

CML MNC's, we chose to use MNC's from a single patient with CML so that we 

could directly compare the protocols we designed, and not be concerned that 

differences in the purity of the selected cells were simply a reflection of using 

samples from different patients. The final successful protocol is described in the 

methods section above, and it was repeated on 4 separate occasions to check its 

reliability. 

In the design of the protocol for separation of CD34+ cells from fresh peripheral 

blood, we had previous experience of using the Direct CD34 Progenitor Cell Isolation 

Kit (Miltenyi Biotec)l84 and therefore did not perform any testing of our protocol, but 

proceeded to directly acquiring patient samples. The results of this are discussed in 

Chapter 8. 
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7.5.1 Sample thawing and enrichment for viable cells 

The percentage of viable MNC's immediately after thawing was low, with a median 

viability prior to centrifugation being only 14.6% (range, 12.6% to 30.69c). In order 

to maximise the viability of the cells, we thawed the MNC's rapidly in a 37°C water 

bath and immediately washed them in an albumin containing solution. As a 

consequence of the poor cell viability, there was free DNA within the solution that the 

MNC's were suspended in, and this resulted in cell clumping. We therefore used 

DNase in all our solutions, and this successfully reduced the problem of cell 

clumping, and hence maximised our cell yield. 

In order to remove as many apoptotic and dead cells as possible prior to sorting, we 

used the Dead Cell Removal Kit (Miltenyi Biotec) which immunomagnetically 

removed phosphatidylserine-positive cells. Immediately prior to sorting, the kit 

improved the median viability of the MNC's to 21.7% (range, 12.6% to 24.8%). 

Before using the Dead Cell Removal kit, the BD FACSAria ™ tended to underestimate 

CD34+ cell purity by miscounting a proportion of cell debris as cells. Although the 

improvement in viability with the kit was only small, minimising the cell debris made 

a 10% - 20% improvement in the accuracy of our measurements of cell purity. 

We had initially attempted to use the Direct CD34 Progenitor Cell Isolation Kit 

(Miltenyi Biotec) to enrich the cryopreserved MNC's for CD34+ cells prior to 

carrying Ollt cell sorting; however, we lost a large number of cells without 

significantly enhancing the CD34+ cell purity of the cells prior to sorting. Although 

we did not formally record the viability of the MNC's extracted from the peripheral 

blood of newly diagnosed patients with CML. we noted that their viability was almost 
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always greater than 90%. Thus, it may be that the large difference in viability of the 

MNC's obtained from frozen patient samples, as compared to fresh patient samples, 

resulted in the poor results we saw with the immunomagnetic method of separating 

CD34+ cells from cryopreserved MNC's. 

7.5.2 Cell staining 

Whilst the MNC's were staining, they were kept in a solution containing 3% FBS, 

however, immediately prior to sorting they were placed in a solution containing less 

protein. This reduction in protein reduced the viscosity of the cell sorting stream, and 

hence reduced unwanted spraying of the stream. We chose to use antibodies labelled 

with FITC and PerCP-Cy5.5 since we found these fluorochromes gave us the most 

distinct compensation settings, when used in conjunction with PI. 

7.5.3 Cell sorting CD34+ cells 

In order to maximise our cell viability during sorting, we used the largest available 

nozzle (100 microns) to reduce the pressure placed on cells within the sorting stream. 

To maximise the purity of the sorted cells, we used the "single cell" sort setting 

(Figure 7.5). Our gating strategy was designed to firstly select viable cells that would 

include CD34+ cells, then gate out debris and clumped cells. Next, we picked out 

alive and non-apoptotic cells, and then finally selected our CD34+ cell population. 

Flow cytometry was used to assess the purity of the sorted CD34+ cells (Figure 7.6). 

From a median of 3.06 x 106 stained cells (range, 8.25 x 105 to 5.95 X 106
), with a 

median CD34+ cell purity of 2.2% (range, 1.0% to 2.3%), we sorted a median of 2.83 

x lo"~ CD34+ cells (range, 7.95 \ 10-' to 3.92 X 104
), with a median CD34+ cell purity 
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of 96.9% (range, 93.4% to 98.0%). We therefore felt confident that our protocol 

could be used to select viable CD34+ cells from cryopreserved CML MNC's, and 

provide a sample of highly pure CD34+ cells that would be suitable for RNA 

extraction. 
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Figure 7.5 Diagram showing how the masks on the BD F ACSAriaTM divide a 

cell containing drop into 32 segments (not to scale). 
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The "single cell" sort option is designed to maximise purity, even at the expense of 

cell yield. The phase mask is set to 16 so that if the desired cell is in either the top or 

bottom quarters of the drop (regions marked A), that drop is aborted. In addition the 

purity mask is set to 32 so that if the desired cell is within either the top or bottom half 

f the drop, the following or proceeding drops are respectively aborted from the ort. 
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Figure 7.6 Scatter plot showing sorted CD34+ cells, as measured by expression 

of CD34-FITC (FITC-A) and CD4S-PerCP-CyS.S (perCP-Cy5.S-A), with gate P4 

over the region of CD4S-PerCP-CyS.S dim cells that brightly co-express CD34-

FITC. 

10' 

PerCP-Cy5-5-A 

7.5.4 RNA extraction, quantitation and quality assessment 

RNA was extracted from 3 samples of sorted CD34+ cells, quantitated and assessed 

for quality. All samples were found to be of good quality by the 2100 Bioanalyzer 

(Agilent) with electropherograms showing the presence of discrete I8S and 28S 

ribo omal RNA peaks and the absence of irregularly sized low molecular weight 

RNA species (i.e. degraded RNA) (Figure 7 .7). The number of CD34+ cell isolated 

wa Ie than 4000 and consequently the RNA yield was low with a median of 

14.95ng RNA extracted (range, 3.66ng to 56.46ng). 
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Figure 7.7 Example of an electropherogram resulting from RNA extracted from 

sorted CD34+ cells. 
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An electropherogram showing fluorescence against time, and the identification of the 

6000 Nano Marker peak, and the 18S and 28S ribosomal peaks. As shown, RNA 

likely to perform well in a microarray assay has I8S and 28S peaks, and the absence 

of a spiky distribution of increased fluorescence between the 6000 Nano Marker and 

the I8S peak. 

In conclusion, despite the poor viability of MNC's post thawing, we were able to 

elect a pure population of CD34+ cells and extract good quality RNA from these 

cells. The number of CD34+ cells that we could isolate limited our RNA yields. We 

therefore proposed that in order to achieve enough RNA for our planned microarray 

experiment, we would need to maximise the number of cells thawed per patient and 

al 0 t u e a econd round of amplificatjon in the RNA labelling step of the array 

hybridi ation protoc I. 
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8 Gene expression profiling of CML CD34+ cells 

8.1 Introduction 

Our previous study of gene expression profiling used RNA from a population of cells 

that were heterogeneous by source, sampling handling and cell phenotype. This 

technical variation introduced unwanted noise into our analysis, which in turn reduced 

the power of the system to identify relevant differentially expressed genes. CML is a 

stem cell disorder and we therefore hypothesised that performing gene expression 

profiling on isolated CML CD34+ progenitor cells might allow us to identify a 

transcriptional profile associated with resistance to imatinib, by eliminating the noise 

created by cells of different phenotypes. 

8.2 Aims 

1. To determine whether gene expression profiling of CML CD34+ cells, 

isolated from bone marrow cells stored in liquid nitrogen, would allow us to 

develop a tool for predicting patients' responses to imatinib. 

8.3 Key points 

• At present, it is uncertain whether gene expression profiling of CML 

CD34+ cells, isolated from bone marrow cells stored in liquid nitrogen, 

is going to be useful in developing a tool for predicting patients' 

responses to imatinib. 
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• We experienced difficulties in accurately measuring low concentrations 

of RNA, which may have led to insufficient RNA input into R:'\A 

quality assessment and amplification. 

• Future work should consider using RNA extracted from CD34+ cells 

that has been freshly prepared from newly diagnosed and untreated 

patients with CML, in order to compare the gene profiles of imatinib 

responders and non-responders. 

8.4 Methods 

8.4.1 Patients 

At Oregon Health and Science University (OHSU), 51 patients with CML were 

identified who had had bone marrow (8M) mononuclear cells stored just prior to their 

commencement on imatinib (Table 8.1). All patients had either achieved a complete 

cytogenetic response (CCR) during their first year of imatinib therapy and were 

defined as responders (R, n = 35), or they had remained at least 65% Ph positive by 

cytogenetic analysis during their first year of imatinib treatment and were defined as 

non-responders (NR, n = 16). All patients consented to entry into this study 

(Appendix 2). 
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Table 8.1 Clinical characteristics of the fifty-one patients with CML. 

Characteristic Value 
Sex - no. (%) 

Male 28 (54.9) 
Female 23 (45.1) 

Age - years 
Median 57 
Range 29 -75 

Hemoglobin - gldl 
Median 12.-+ 
Range 9.5 - 16.3 

White cell count - xl(f/1 
Median 12.8 
Range 2.5 - 116.0 

Platelet count - x 103/1 
Median 323 
Range 19 - 1372 

Peripheral blood basophil count - % 
Median 5 
Range 0-31 

Peripheral blood blast count - % 
Median 0 
Range o - 11 

Bone marrow blast count - % 
Median l.75 
Range 0.0 - 18.0 

Disease Phase - no. (%) 
Chronic phase 34 (66.7) 

Early chronic phase 9 
Late chronic phase ')-

-) 

Chronic phase + cytogenetic clonal evolution 12 (23.5) 
Accelerated phase 5 (9.8) 

Days from diagnosis to starting imatinib - no. 
Median 1059 

Range 71 - 5492 

Treatment prior to imatinib - no. (%) 
Hydroxyurea 45 (88.2) 

Alone 5 
Interferon alpha 45 (88.2) 

Cytarabine 8(15.7) 

Anagrelide 5 (9.8) 

Stem cell transplant 
Autologous 2 (3.9) 

Matched unrelated donor 2 (3.9) 

Other • 5 (9.8) 

• Other treatments were busulphan (n = 3), etoposide (n = 1), interleukin-2 (n = 1) and 

topotecan (n = 1). 
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8.4.2 Samples and CD34+ cell isolation 

Mononuclear cells were purified from BM by density gradient centrifugation and 

cryopreserved in liquid nitrogen. CD34+ cells were isolated according to methods 

described in Chapter 7. After sorting, CD34+ cells were placed in PicoPure ™ 

extraction buffer, according to the manufacturer's instructions (Arcturus, Mountain 

View, CA) and stored at -80°C until time for completion of RNA extraction. Small 

samples of CD34+ cells were also stored for fluorescence in-situ hybridization (FISH) 

to assess the presence of BCR-ABL. 

8.4.3 RN A extraction and gene expression profiling 

RNA extraction, including a step for DNase treatment to reduce DNA interference, 

was completed once all cell sorting had been finished~ we used the PicoPure ™ RNA 

Isolation Kit (Arcturus) and the QIAGEN® RNase-Free DNase Set (QIAGEN, 

Valencia, CA) according to the manufacturers' instructions. The samples of RNA 

were then sent to the Affymetrix Microarray Core at Oregon Health and Science 

University. Here, Dr. Christina Harrington and Mrs. Kristina Vartanian quantified the 

RNA using the NanoDrop® ND-IOOO UV-Vis spectrophotometer (NanoDrop 

Technologies,Wilmington, DE), and assessed its quality using the Agilent 2100 

Bioanalyzer (Agilent Technologies, Palo Alto, CA). Samples with electropherograms 

showing a size distribution pattern predictive of acceptable microarray assay 

performance l42 were considered to be of good quality. Samples containing 5 to lOng 

(median 9ng) of good quality total RNA underwent amplification and labelling using 

the two-cycle cDNA synthesis and IVT labelling protocol (Affymetrix, Santa Clara, 

CA) (www.affymetrix.com/suPPOlt/technical/manual/expression manual.affx). 
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Following successful amplification, 5~g of labelled target eDNA was hybridized to 

HG-UI33 Plus 2.0 GeneChip arrays (Affymetrix). Arrays were scanned using a laser 

confocal scanner (Agilent) and the image processing and expression analysis were 

performed using Affymetrix GCOS v1.2 software. For each analysis, scaled or 

unsealed, the parameters a 1 and a 2 were set to 0.05 and 0.065 (Affymetrix defaults) 

respectively. These parameters, or p-value cut-offs, set the point at which a probe set 

was called present (P) (p <0.05), absent (A) (p >0.065) or marginal (M) (p value 

between 0.05 and 0.065). Minimal quality control parameters for inclusion in the 

study included P>30%, average signal in keeping with the average signal of other 

samples within that hybridization group, and an actin 3'/5' ratio of <17. The 36 

microarrays included in the study had an average present call of 41.5% (range, 38.8% 

to 47.1 %). 

8.4.4 Statistical analysis 

Robust Multichip Analysis (RMA)179 implemented in Bioconductor 

(http://www.bioconductor.org) was used for signal quantification, pre-processing, and 

intra- and inter-chip normalisation. Levene's test was used to test all genes for equal 

variance in gene expression across Rand NR. Analysis of variance, using a pooled­

variance formula, was used to identify genes that were differentially expressed 

between Rand NR, except for those genes identified as having unequal variance 

across Rand NR where a separate-variance formula was used. Adjustment for 

multiple comparisons was made using the False Discovery Rate (FOR) of 8enjamini 

and Hochberg l81 . Unsupervised hierarchical clustering of all probe sets, and probes 

sets with an adjusted p value of <0.51 (n = 1019), was executed using Cluster 3.0 
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f 185 d I . d . . SO tware ,an resu ts Vlewe USIng Java TreeVlew 1.0.7 software 186. Sample size 

and power calculations were performed in Microsoft Excel, and significance analysis 

of microarrays (SAM)180. Gene annotation was obtained through Affymetrix NetAffx 

site (http://www.affymetrix.com/analysis/index.affx). (Please note that the statistical 

analysis, apart from the unsupervised hierarchical clustering, was kindly done by \tiss 

Solange Mongoue-Tchokote.) 

8.5 Results 

8.5.1 CD34+ cell isolation 

The CD34+ cell isolation procedure was performed on cryopreserved bone marrow 

mononuclear cells from 51 patients with CML. The procedure was regarded as a 

success if greater than 1,000 CD34+ cells were isolated, with a purity of greater than 

80% CD34+ by flow cytometry. The procedure was repeated in 17 patients (twice in 

2 patients) in an attempt to obtain even higher numbers of cells for analysis. Thus, 64 

out of 70 procedures were deemed successful (91.4%), with 5 procedures being 

inadequate due to a resulting CD34+ purity of less than 80% and only 1 procedure 

failing due to a low resulting number of CD34+ cells. Overall we isolated a median 

of 1.0 x 104 CD34+ cells, with 95.9% median purity, from a median of 1.4 x 107 BM 

mononuclear cells (Table 8.2). Although the viability of the mononuclear cells was 

generally low, the viability of the resulting CD34+ cells was good, since only PI 

negative CD34+ cells were selected. Dr. Yassmine Akkari and Dr. Susan Olson are 

currently doing the FISH analysis of the isolated CD34+ cells. 
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Table 8.2 Results from all 73 CD34+ cell isolation procedures. 

Parameter Value 
Total number of BM mononuclear cells immediately post thaw 

Median l.4xl0 
-

Range 1.5 x 105 
- 4.2 X 107 

Viability of BM mononuclear cells immediately post thaw - % 
Median 21.7 
Range 1.4 - 86.2 

Number of viable BM mononuclear cells immediately prior to 
sorting 

I Median 1.9 x 106 

Range 7.2 x 104 
- 1. 1 x 1 0 -

Viability of BM mononuclear cells immediately prior to 
sorting- % 

Median 42.5 
Range 6.2 - 91.7 

Percentage of BM CD34+ cells immediately prior to sorting -
% 

Median 10.9 
Range 1.7 - 68.6 

Number of CD34+ cells isolated and placed into RNA lysis 
buffer 

Median 1.0 x 104 

Range 8. 1 x 1 0 1 
- 9. 1 x 1 04 

Purity of CD34+ cells isolated and placed into RNA lysis 
buffer - % 

Median 95.9 
Range 17.5 - 100 

8.5.2 RN A Extraction and Gene Expression Profiling 

Sixty-four samples of RNA were assessed for quantity and quality at the Affymetrix 

Microarray Core - a flow chart of the scheme for RNA processing can be seen in 

Figure 8.1. Unfortunately, 12 samples failed to meet the required quality and quantity 

of RNA. As one would expect from using samples of less than 9.1 x 104 cells, we 

were only achieving low concentrations of RNA, with a median concentration of 

5.5ng/~1 (range, 1.04ng/~1 to 33.6ng/~I). Fifty-two samples of RNA underwent 2 

rounds of amplification, of which only 5 failed to amplify. Thus, 47 samples of Ri\A. 
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from 37 patients with CML, were hybridised to the HG-U133 Plus 2.0 GeneChip 

arrays, resulting in good quality gene expression profiling data on 36 patients. 

Figure 8.1 Flow chart of the steps from cell sorting samples from 51 patients 

with CML, through to successful array hybridisation in 36 patients. 

51 atients with CML 

64 samples of RNA, from 47 patients, were 
quantified and assessed for quality 

5 samples failed due to < O<K CD34+ ell purity; 
l ample failed due to containing <1000 celh 

-....:;:::~~-=::=---~----£> 12 samples failed to reach 

quali ty & quantity . landards 

52 samples of RNA , from 41 patients, 
underwent amplification and labelling 

47 samples of labelled RNA, from 37 
patients. were hybridised to arrays 

36 patients with successful arra s 

8.5.3 Statistical Analysis 

5 sample ' of RNA failed to amplify 

--t> 7 amples fai led to hybridise , and 4 ample. were not u. ed 
a there was a higher qUality replicate . ample available 

The ignal intensity log ratios across all arrays were successfully normalised using 

RMA (Figure 8.2 and Figure 8.3). Levene 's test revealed equal variance in gene 

expres ion acros Rand NR in 54544 probe sets, with only 131 probe set having 

unequal variance. Un upervi ed hierarchical clustering of the 36 array by u e fall 

pr be ets, h wed no clu tering by re ponse tatus (Figure 8.4. After ele tina 
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probe sets that were differentially expressed between Rand NR (n = 1019), e\en 

though the probe sets did not reach statistical significance after multiple comparison 

adjustment, we found that the data clustered by response status (Figure 8.5). Only 10 

of the probe sets found to be differentially expressed between Rand NR had an 

adjusted p value of <0.5, and all of these probe sets had a higher signal in R than NR 

(Table 8.3). 
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Figure 8.2 Boxplot of the signal intensity log ratios for all 36 arrays prior to 

normalisation. 
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Figure 8.3 Boxplot of the signal intensity log ratios for aU 36 arrays after 

normalisation with RMA. 
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Figure 8.4 Dendrogram showing unsupervised hierarchical clustering of all 36 

patient samples based on RMA signal values, showing no obvious clustering b 

response status. 
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Figure 8.5 Dendrogram showing unsupervised hierarchical clustering of all 36 

patient samples based on RMA signal values from probe sets identified as being 

differentially expressed between Rand NR, and having an adjusted p value of 

<0.51, showing clustering by response status. 
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Table 8.3 Description of the probe sets identified as being differentially 

expressed between Rand NR, and having a p value of <0.5 after multiple 

comparison adjustment. 

Probe Set Gene Unadjusted Adjusted 
ID 

Gene Title 
Symbol p value p value 

1554882_at Exci~ion re~air cross-complementing rodent 
repair deficiency, complementation group 8 

ERCC8 0.02 0.38 

1559025_at MLL septin-like fusion MSF 0.01 0.38 

210492_at Microfibrillar-associated protein 3-like MFAP3L 0.02 0.38 

21971O_at KIAA 1985 protein KIAAI985 0.02 0.38 

220230_s_at Cytochrome b5 reductase b5R.2 CYB5R2 0.02 0.38 

224045_x_at Chromosome 18 open reading frame 2 C18orf2 0.02 0.38 

231137_at Unknown 0.02 0.38 

235188_at Unknown 0.03 0.-+2 

235449_at 
Leucine rich repeat and sterile alpha motif LRSAMI 0.03 0.42 

containing 1 

243105_at 
Suppressor of variegation 4-20 homolog 1 SUV420HI 0.03 0.-+3 

(Drosophila) 

Fold 
Change 
(R-I\Rl 

+1.2 

+ 1.18 

+ 1.16 

+1.1'+ 

+ 1.11 

+ 1.1 

+1.03 

+1.25 

+1.2 

+ 1.18 

The fold change (Fe) is defined as: ±21~', where I~I is the absolute value of the 
difference in mean log (signal) between Rand NR groups. The positive sign (+) 
indicates up-regulation of R compared to NR, while the negative sign (-) indicates 
down-regulation. Note that a fold change of 1.0 is equivalent to no difference in gene 

expression. 

Sample size and power calculations were performed using an alpha of 0.05, and used 

the gene-specific mean squared errors from the ANOYA model. We found that with 

36 patients we only had 51 % power to detect a 1.5 fold change in gene expression, 

75% power to detect a 2 fold change and 98% power to detect a 3 fold change. If we 

accepted a false positive rate of 20%, we would need to increase our patient number 

to 41 to detect a 2 fold change in gene expression, or to 73 to detect a 1.5 fold change. 

Thus, if we wanted to divide our patients into a training set and a test set we would 

ideally want at least 73 patients in each group. 
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8.6 Discussion 

We set out to test whether gene expression profiling of CD34+ cells, from patients 

with CML, would enable us to predict patients' responses to imatinib. Following on 

from the work we did on the gene expression profiling of unselected CML white cells, 

we deliberately tried to minimise sources of technical variation within our 

experiment. Not only did we select cells of a distinct immunophenotype, and with a 

high threshold of purity, we also only allowed one individual to execute each stage of 

the experiment and we used the same kits and reagents throughout. We chose patients 

with the same criteria as for the unselected white cell experiment, in an attempt to 

polarise our population to the extremes of good and poor responses to imatinib, and 

we deliberately chose to use more patients than the previous experiment, to try and 

maximise the power of this study. 

We found that the CD34+ cell isolation procedure was highly successful in achieving 

a highly pure sample of CD34+ cells from cryopreserved BM mononuclear cells, 

increasing the median percentage of BM CD34+ cells from 10.9% prior to sorting, to 

95.9% after sorting. However, this was at the expense of cell yield, partly because of 

the poor viability of the cells after thawing, and partly because of the need to use the 

"single cell" sort setting on the BD FACSAria ™ (BD Biosciences). The median 

number of CD34+ cells that we were able to isolate from patients' cryopreserved 8M 

mononuclear cells was only 1 x 104
, resulting in low yields of RNA. 

Twelve out of 64 RNA samples failed to reach our thresholds for quality and quantity. 

Even though we had found that the NanoDrop® could accurately measure control 

mouse brain RNA down to a concentration of 1 ng/~I, we found that in this study 
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RNA concentrations <3ng/!-llled to difficulties with accurate measurement of Ri\:-\ 

quantity, and hence a tendency to overestimate the true quantity of RNA. This may 

have led to putting forward too little RNA for quality assessment for some of the 

samples that failed, and so being given a falsely low measurement of RNA quality 

(personal communication from Dr. Christina Harrington). However, in general the 

quality of the RNA was found to be good, and those samples of RNA derived from 

>2.0 x 10
4 

CD34+ cells were consistently found to pass our quality and quantity 

thresholds. 

We needed to perform 2 rounds of RNA amplification in order to achieve the required 

5!-lg of RNA to hybridise to the arrays. We used the two-cycle cDNA synthesis and 

IVT labelling protocol that was released by Affymetrix in 2003, as we had shown that 

mouse brain total RNA inputs as low as 1.5ng produced sufficient cRNA for array 

hybridisation, with relatively good array performance l87
. For this study, we found that 

we could amplify samples of control human brain RNA, ranging in size from 5ng to 

lOng, to between 58.2!-tg and 125.25!-tg, and that CD34+ cell RNA inputs of less than 

5ng gave us informative, but less sensitive, array data l87
. For samples of RNA 

derived from CML CD34+ cells, we achieved successful amplification of RNA in 47 

out of 52 samples. The fail ure of 5 samples to amplify may be due in part to 

insufficient RNA input, due to inaccurate measurement of initial RNA quantity, and 

also that inexplicably one round of labelling and amplification appeared to under 

perform. 

Previous work on rat brain RNA had shown that the 2 rounds of amplification 

reduced the sensitivity of the array by 5 to 10%, as measured by the percentage of 
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present calls, and that 3' /5' actin ratios increased with RNA inputs of <lOng. but that 

other performance metrics (%P, average signal, background, noise) were good 1s-. \\'e 

therefore accepted a relatively high 3' /5' actin ratio in this study. Hybridisation of 

RNA to the arrays was successful in 40 samples. Seven samples failed quality 

assessment of the array, due to a higher than acceptable actin 3'/5' ratio and / or an 

average signal out of keeping with the other samples within that hybridisation group. 

We successfully normalised the 36 arrays, and then examined unsupervised 

hierarchical clustering of all the data. This revealed no clustering of the arrays by 

response status, sex, purity of the CD34+ cells (~95% pure versus <95% pure), or by 

disease phase at diagnosis (not shown). Although there was not any clustering of the 

arrays by response to imatinib, we were reassured that there was not any unexpected 

clustering of the arrays as we had seen in the unselected CML white cell study. We 

next examined the data for probe sets that were differentially expressed between R 

and NR. After multiple comparison adjustment, none of the probe sets met an 

adjusted p value of <0.05. However, by including only those probe sets with an 

adjusted p value of <0.51 in the hierarchical clustering, we were able to see clustering 

of the arrays by response status. Thus, although the probe sets may not reach 

statistical significance, as a group they were able to divide the patients into Rand NR. 

The top 10 differentially expressed probe sets do not identify any genes that are 

currently known to be involved in CML biology, but the MSF gene has been reported 

as being the fusion partner of MLL in a single case of therapy-related acute myeloid 

leukaemia l88
. However, no conclusions should be made at present about the 

usefulness of these probe sets in distinguishing Rand NR, since these probe sets did 
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not meet statistical significance after multiple comparison adjustment and further 

analysis of the data are required. 

There are a number of reasons why we may not have seen significant differences in 

the gene expression profiles of CD34+ cells derived from Rand NR. Firstly, the 

majority of patients had received treatment for their CML prior to receiving imatinib, 

and this may well have altered the genes that their stem cells expressed. Since most 

patients had treatment with interferon and hydroxyurea, and few had other treatments, 

it would be hard to see this influence on the unsupervised hierarchical clustering 

dendrogram, and might explain the lack of separation of Rand NR. Secondly, all the 

CD34+ cells were derived from cryopreserved mononuclear cells and had undergone 

a quite intensive series of events leading to their isolation. It would be surprising if 

the freezing and isolation had not influenced the gene expression of the CD34+ cells 

in some way, and this may explain why the gene expression of Rand NR are so 

similar. Thirdly, our patients all had high levels of Philadelphia chromosome positive 

metaphases in their bone marrow prior to starting on imatinib, and it may be that we 

are simply seeing the influence of overwhelming expression of BCR-ABL from the 

CD34+ cells, and that the changes that differentiate R from NR are so subtle that we 

cannot pick them up with this technology. Fourthly, we were using small amounts of 

input RNA and relying on 2 rounds of RNA amplification, both of which may have 

reduced the sensitivity of the arrays to pick up differences in gene expression. In 

addition, our power calculations reveal that we were underpowered and we would 

have needed 73 patients to reliably detect genes with a 1.5 fold difference in gene 

expression between Rand NR, though this is a much smaller number of patients than 

w~ would have required when using the data from the gene expression profiling of 
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CML white cells. Lastly, we may be searching for a difference in gene expression 

profile that simply does not exist. 

We shall continue our analysis of the data and see if we are able to use different 

statistical methods, and pathway analysis, to develop a robust algorithm predicti ve of 

response to imatinib. We had originally planned to randomly divide our patients into 

a training and test set, as in the un selected cell experiment, however. due to loss of 

patients along the way if we were to continue along this route we would most likely 

have to use a separate cohort of patients to test our results, potentially introducing 

more unwanted variation / noise into our analysis. Although it would appear that we 

have reduced the noise within this experiment (as compared to our CML white cell 

microarray study) by virtue of requiring less patients to detect a 1.5 fold change in 

differential gene expression between Rand NR, we still have a long way to go before 

we can conclude whether these data are going to be more useful in developing a tool 

predictive of response to imatinib. 

8.7 Future work 

We originally set out to explore the question of whether gene expression profiling 

could be a tool for predicting patients' responses to imatinib, by designing an 

experiment using RNA from fresh CD34+ cells, taken from newly diagnosed and 

completely untreated patients with CML. We had planned to recruit patients from the 

STI571 Prospective International Randomised Trial (SPIRIT) (www.spirit-cml.org), 

which had been anticipated to start in early 2003, however, due to problems with 

obtaining funding, SPIRIT only started to recruit patients in I\1ay 2005. Thus there 
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has been a significant delay in patient recruitment, despite our best efforts to recruit 

patients in the meantime. 

We have isolated CD34+ cells from patients' peripheral blood, by immunomagnetic 

separation (Chapter 7), and placed them into RNA lysis buffer. A sample of each 

patient's CD34+ cells was also stored for FISH for BCR-ABL. We anticipated 

perfonning gene expression profiling, using 90 HG-U 133 Plus 2.0 GeneChip arrays 

(Affymetrix) (kindly donated to us by Novartis, Basel, Switzerland), on the patients 

who went on to achieve a CCR at 1 year from starting imatinib, and compare this to 

the patients who remained at least 65% Philadelphia chromosome positive at 1 year. 

At present, Miss Jean Norden has collected CD34+ cell samples from 29 CML 

patients and the median number of CD34+ cells collected is 4 x 105 (range, 2 x 105 to 

3 x 106
). From the 17 samples with flow cytometry results of CD34+ cell purity, the 

median purity is 75% (range, 15% to 96%). These 29 samples were sent to Oregon 

Health and Science University, in anticipation of undergoing RNA amplification and 

hybridisation to arrays, but unfortunately 18 samples thawed in transit. Since one trial 

shipping, containing control samples, had allowed the samples to thaw en route, and 

the quality assessment of these samples was consistent with degraded RNA, we do 

not anticipate being able to use these 18 samples for our work. Thus, we are left with 

only II potential samples, and are currently debating the practicality of continuing 

this project. 
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8.7.1 Potential strengths 

We believe that by using RNA extracted from isolated CD34+ cells. taken from fresh 

patient material before the patient receives any drug treatment, we shall gain our best 

chance of obtaining gene expression levels that are due to disease, rather than 

confounding factors. By using immunomagnetic columns to obtain the CD34+ cells. 

we are minimising the handling of the cells, compared to cell sorting. and also using a 

simple technique that could potentially be translated to the clinical laboratory should 

we find that gene expression in CD34+ is able to predict patients' responses to 

imatinib. If we can recruit patients as part of a clinical trial, then we shall have access 

to the good quality follow up data that is essential for this study. We have the 

advantage of having worked closely with the Affymetrix Microarray Core at Oregon 

Health and Science University on our two other CML microarray projects. and would 

have the benefit of their experience in using small amounts of RNA for amplification, 

labelling and hybridisation. 

8.7.2 Disadvantages 

The main problem with this approach is obtaining high numbers of consistently pure 

CD34+ cells. From 20ml peripheral blood we have been obtaining a median of 4 x 

105 CD34+ cells, with a median purity of7S%. We know from the data we have on 

RNA extracted from cell sorted CD34+ cells, that 4 x 105 CD34+ cells is going to 

give us approximately SOOng to ll-lg of RNA; we shall therefore still have to perform 

2 rounds of RNA amplification in order to hybridise the RNA to arrays, and have the 

associated 3' bias in the amplification, 5% to 10% drop in sensitivity of the array and 

cost. The purity of the cells, after using one immunomagnetic column, is highly 
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variable and would result in approximately half of the samples being rejected because 

of low CD34+ cell purity. Another option to consider would be using more than 2 

xI08 input cells and run these through 2 larger columns, however, the increased purity 

tends to be at the cost of cell yield, and it is unlikely that we are going to have access 

to greater than 2 x 108 cells in the majority of patients. 

The SPIRIT trial has 3 arms and only a third of patients will receive the standard dose 

of imatinib (400mg once daily); this would slow down our patient recruitment since 

we could only compare patients receiving identical treatment. We were planning on 

using the Affymetrix Microarray Core to perform RNA amplification and array 

hybridisation; however, we will have to run the risk of shipping precious samples that 

might thaw en route. Finally, based on our experiences with the 2 other microarray 

projects, we may simply be chasing differences that are not there, or cannot be 

detected by microarray technology. 
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9 Discussion 

The treatment of patients with CML has been revolutionised by the advent of 

imatinib. Prior to imatinib, an average of 13% of CML patients in chronic phase (CP) 

had a complete cytogenetic response (CCR) on treatment with interferon alpha 

(lFN)'89. Results of the IRIS trial45 have shown that 84% of patients on imatinib 

achieve a CCR, that this usually occurs within the first year of treatment, and it is 

associated with a reduced rate of disease progression. In addition, with the advent of 

AMNI07 and BMS-354825 there is hope of patients achieving a CCR even if they 

fail to respond, or lose their response to imatinib. However, the potentially toxic 

treatment of allogeneic haematopoietic stem cell transplantation remains the only 

known cure for patients with CML 49,50. At diagnosis it would be very useful to be 

able to predict which patients will, or will not, have a cytogenetic response to 

imatinib, so that in those patients with a suitable donor, one could give patients 

accurate and individual advice about the likely success of their treatment options. We 

therefore set out to test candidate markers that associated with CML patients' 

responses to imatinib, with the hope of using these to predict an individual patient's 

response to treatment. We approached this in two ways: firstly by examining 

individual candidate genes and polymorphisms, and secondly by examining overall 

gene expression patterns. 
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9.1 Is the possession of a particular genotype associated 

with response to imatinib? 

Dressman et al. 114 showed an association between the "CC" genotype of the 

rs2290573 polymorphism and reduced rate of MCR, while Bergamaschi et al. 124 

found an association between the possession of the A 1 allele of the TP53 oene 
o 

polymorphism, and CML patients remaining at least 65% Ph positive on imatinib. 

However, we genotyped our Newcastle population of CML patients for the rs2290573 

polymorphism and could find no correlation with rate of major cytogenetic response 

(MCR), or rate of CCR, on imatinib. Dressman et al. 114 had examined their patients 

for an association between rate of MCR and genotype of the TP53 gene 

polymorphism, and also could find no association. Although these single associations 

may be true for one population, it would appear that these findings are hard to 

validate in an independent population of patients with CML. 

There are a number of reasons why these findings could be hard to validate, including 

that there is variation of the underlying association between genotype and response 

between populations, the populations consists of a mix of subpopulations with 

different allele frequencies and disease risks, inadequate power leading to false 

negative results, and false positive results leading to failure to attribute the results to 

chance l45
. However, if genotypes shown to be associated with response to treatment 

can be validated in a large and independent population of patients, then genotyping 

polymorphisms would be an attractive method for identifying predictive markers. 

since it has the advantage of being a simple technique that could easily be translated 

to the cI inical laboratory. 
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At the present time, K247R is the only known polymorphism within the codin£ reoion 
~ e 

of ABL. We investigated the effects on drug sensitivity of translocation of the 

arginine allele, of the K247R polymorphism, into BCR-ABL. Although K247R is 

located within the P-Ioop domain of the BCR-ABL kinase, we did not find any in 

vitro evidence for reduced sensitivity of this variant to imatinib, AMN 107 or BMS-

354825. However, since point mutations in the kinase domain can so easily alter 

imatinib sensitivity, one could readily envisage that a single nucleotide polymorphism 

could do the same. As more patients with CML are screened for kinase domain 

mutations, we may well pick up more rare polymorphisms situated within ABL and it 

would be interesting to see if these could influence patients' responses to treatment. 

Imatinib has been shown to be a substrate for a number of genes associated with drug 

transport, including the human organic cation transporter 1 (hOCT 1 f6-83.85.188. Our 

results from a small study of patients with primary cytogenetic resistance to imatinib, 

suggest that expression of drug transport genes, in particular the hOCT 1 gene, may be 

associated with lack of response to imatinib. The hOCT 1 gene contains several 

polymorphisms, where the possession of a particular allele has been associated with 

alteration of its functional activity. Our RQ-PCR assay of hOCT 1 covered a region 

containing the P283L and R287G polymorphisms. The leucine and glycine alleles are 

associated with diminished hOCT 1 transport activi ty I7O, and although our assay was 

designed such that polymorphisms should not affect its performance, we potentially 

may not have been as efficient at detecting hOCT 1 mRNA transcribed from these 

alleles. as from the proline and arginine alleles. Thus. we may have been indirectly 

detecting the alleles associated with reduced hOCT 1 acti vity. It would therefore be 
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very interesting to explore the hypothesis that possession of particular alleles of the 

hOCT! gene polymorphisms are associated with a patient's response to imatinib. 

9.2 Does genotyping allow the prediction of imatinib 

response? 

Currently we are a long way from determining whether genotyping will allow us to 

predict a patient's response to imatinib. In the future, if one could identify robust 

associations between the possession of particular genotypes and patients' responses to 

imatinib, then one could envisage identifying a pattern of genotypes that might be 

predictive of an individual patient's response to imatinib. 

9.3 Do gene expression profiles prior to imatinib associate 

with future cytogenetic response? 

In order to achieve a visual overview of our microarray data, we used the 

conventional approach of unsupervised hierarchical clustering to group together 

patients based on the similarity of their gene expression profiles. When considering 

all the probes on the arrays, we did not see any clustering of patients based on their 

future cytogenetic responses to imatinib. However, by filtering the CD34+ cell data 

for the top most differentially expressed probes between cytogenetic responders (R) 

and non-responders (NR), we then saw division of our patients by response. Thus, 

there would appear to be differences in the pattern of gene expression between Rand 

NR when considering a subset of probes, but these differences are subtle and can 

easily be overwhelmed by the influences of sample source and handling. Indeed, our 
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top most differentially expressed genes from either the white cell data, or CD34+ cell 

data, were not significantly differentially expressed after adjustment for the multiple 

comparisons were made; this may in part be due to both studies being underpowered 

to detect a 1.5 fold change in gene expression, or less, between Rand NR. 

9.4 Does gene expression profiling allow the prediction of 

imatinib response? 

Kaneta et al. 139 
and McClean et al. l4Q have both published work that suggests that this 

is possible, but only one of these studies was validated in a test set of patients, albeit 

small. We had designed our gene expression profiling studies to incorporate both a 

training set and a test set of patients, so that we could validate any algorithm for 

prediction that we developed. With the white cell expression profiling data, we found 

that an algorithm that predicted response in our training set, did not predict response 

in our test set; explanations for this included lack of power and confounding factors, 

but also the serious issue of whether there truly were robust enough differences, 

between the gene expression profile of Rand NR, to allow us to develop an algorithm 

to predict response. 

The statistical analysis of the gene expression profiling data from CML CD34+ cells 

is currently ongoing, but we are concerned that though we may have been able to 

minimise systematic variation due to sample handling and cell phenotype, we have 

not been able to significantly improve on the power of our white cell gene expression 

profiling study. Although there appear to be differences in the transcriptional 

signatures of CD34+ cells from Rand NR, we may be underpowered to use these 
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differences to develop and test an algorithm predictive of imatinib response. :\t the 

moment, it appears unlikely that with our gene expression profiling data \\ ill allow us 

to predict an individual patient's response to imatinib. 

9.5 Is gene expression profiling going to be a useful 

technology for predicting CML patients' responses to 

imatinib? 

Gene expression profiling has shown that it allows the prediction of patients' 

responses to drug therapy in several haematological malignancies 128-13'\ and one might 

therefore assume that CML would be no different. However, in the diseases where 

gene expression profiling has shown itself to be useful, the malignant cells that have 

been profiled tend to have a clearly identifiable histological phenotype, whereas in 

CML the malignant cells are of many different phenotypes, unless one simply selects 

one cell phenotype, E.g. CD34+ cells. In the acute leukaemias, remission is defined 

as a reduction in bone marrow blast cells to less than 5%, whereas in CML response is 

measured at the haematological, cytogenetic and molecular levels; perhaps asking 

gene expression profiling to identify the differences between patients who do or do 

not achieve a cytogenetic response is too subtle a question to be asked by this 

technology, unless one restricts oneself to CML stem cells. Indeed, the difference 

between CML and many of the non-Hodgkins lymphomas and acute leukaemias, is 

that in the latter most cells are at a single or similar stage of maturation (arrested at 

this stage by the malignant process) while within CML cells, every stage of 

maturation between pluripotent blasts and mature erythrocytes, neutrophils and 

platelets may be represented. Concentrating on the gene expression profile of 
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selected CML stem cells would overcome the wide diversity of expression profiles 

seen from cells of different phenotypes. 

At the current time, our experience leads us to have some serious concerns about the 

future usefulness of gene expression profiling in predicting CML patients' responses 

to imatinib. Not only is it an expensive and complicated technology to use, it requires 

a multidisciplinary team of scientists, statisticians and clinicians to produce and 

interpret the data, and results so far in CML have not been hopeful. We still believe 

that our initial ideas of examining the gene expression profiles of fresh CD34+ cells, 

from the peripheral blood of newly diagnosed and untreated patients with CML. 

would be our best source of material to answer the question of whether gene 

expression profiling is going to be useful for predicting response to imatinib; but one 

would ideally want unlimited access to funds and patients, so that one could use RNA 

from at least 200 patients (lOa R and 100 NR) to maximise the power of the study, 

and to have enough RNA not to need to perform 2 rounds of RNA amplification prior 

to array hybridisation, and so not risk reduction in sensitivity of the arrays. 

9.6 Summary 

From our studies it would appear that investigating the influences of target genes, in 

particular genes associated with drug transport, and the effect of polymorphisms on 

imatinib response, is more likely to yield dividends in the search for methods that 

might allow us to predict patients' responses to imatinib, rather than using overall 

gene expression patterns. 
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10 Glossary of terms 

I have included here a glossary of the words, or phrases, that have been underlined 

within the body of this thesis . 

. dat file 

This is the image data file that is generated by the scanner - a single intensity value is 

generated for each probe cell on the array . 

. cel file 

This is the cell intensity file, which contains the cell intensities and coordinates from 

the primary image in the .dat file. 

Pseudo-image 

This is a feature-level view of the Affymetrix GeneChip and it is generated by use of 

the .cel file data. To examine the overall quality of the array, the pseudo-i mage can 

be checked for obvious anomalies (bright or dark patches, edge defects, debris, etc.) 

and be used to make sure the gridding was successful 190. 

Background 

Microarray Analysis Suite (MAS) 5.0 is part of Affymetrix's GeneChip Operating 

System (GCOS), and it manipulates the probe intensity data. It calculates the average 

background signal on the array by dividing the chip into 16 rectangular regions, 

selecting the lowest 2% of signal in those regions, and averaging these values. 
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Noise 

Noise is a measure of the variability of the pixel values within a probe cell, averaged 

over all probe cells on an array. MAS 5.0 divides the chip into 16 rectangular 

sections, and takes the standard deviation of the lowest 2% of signal in that section. 

and averages these values. 

A verage signal 

This is the average of all the signal intensities, from all of the probes on the array. 

Present, marginal and absent 

The detection calls of present, marginal or absent are generated by MASS.O. They are 

based on a Wilcoxon signed rank test intended to test the difference in signal 

intensities between the perfect match probe set and its mismatch probe set. Perfect 

match probe sets with a p value <0.04 are called present, those with a p value between 

0.04 and 0.06 are called marginal, and those with a p value >0.06 are called absent. 

Percent present 

Percent present is the percentage of perfect match probe sets that are detected as 

"present" on that array. 
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Normalisation 

Normalisation is the attempt to compensate for systematic technical differences 

between chips, to see more clearly the systematic, biological differences between 

samples l91 . MAS 5.0 normalisation uses a linear regression model, where a baseline 

array is selected against which all other arrays are compared. Robust multichip 

analysis (RMAi79 uses quantile normalisation that assumes that though there may be 

differences between arrays in the expression of individual probes, the distribution of 

the expression values does not vary dramatically between arrays. Signal values on 

each array are ranked. Signal values for each rank are averaged across all the arrays, 

so that after normalisation the arrays share the same set of signal values, but the 

probes associated with those signal values will vary from array to array. 

Unsupervised hierarchical clustering 

Hierarchical clustering is an agglomerative technique where arrays with similar 

expression profiles are joined to form groups, and these groups are further joined until 

a complete single hierarchical tree is formed. Unsupervised hierarchical clustering 

does not use any biological information about functionally related genes to "guide" 

the clustering algorithml92. 

Multi-dimensional scaling 

Multi-dimensional scaling is a form of principal component analysis. It is a complex 

mathematical method of visualising data in 2 or 3 dimensions, where the distance 

separating data points is representative of the dissimilarity of the data points to each 

other. 
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11 Appendix 1: Newcastle University consent 

documents 

All patients gave their consent for these studies, in according to the guidelines set out 

by the Declaration of Helsinki. Ethical approval was obtained from the Newcastle 

and North Tyneside Local Research Ethics Committee. 

11.1 Patient information sheet 

Research Study at the Medical School, University of Newcastle upon Tyne 

Pharmacogenomic Investigations into Response and Resistance to 
Imatinib in Chronic Myeloid Leukaemia 

You are being invited to take part in a research study for which we would need a 
small extra sample of blood and/or a mouthwash sample. This would be taken with 
the other blood samples which are taken each time you visit the clinic. If you do not 
wish to take part, your care will not be affected in any way. You will continue to be 
followed up as normal in the clinic, whether you take part or not. 

Before you decide, you will need to understand why the research is being done and 
what it will involve. Please take your time to read the following information 
carefully. Please ask us if there is anything you do not understand or if you would 
like more information. 

We are investigating whether we can predict the response that patients with Chronic 
Myeloid Leukaemia (CML) will have when they are given the drug imatinib (STI57 I , 
Glivec, Gleevec). We are going to try and do this by looking at patients' DNA. This 
area of research is called "pharmacogenomics" because we are striving to understand 
how genes influence the different responses people have to the same drug. Genes 
contain the instructions for making living organisms and are made up of DNA. Our 
bodies use the DNA to make messages known as RNA. Most DNA is identical among 
human beings, but the small variations we all have in our DNA may explain why 
different people have different responses to the same drug. 

Recent research has suggested that understanding more about individual's DNA may 
allow us to predict who will and will not respond to imatinib. \Ve would like to try 
and confirm these findings. We believe that this would be very helpful because 
although imatinib is a highly effective treatment for CML it doesn't work for 
everyone. If doctors could predict who would not respond then alternati ve treatments. 
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such as bone marrow transplant, could be offered earlier. 

This is how you could help. We need blood and/or mouthwash samples from people 
with CML who are taking or are about to start taking the drug imatinib. In a few 
people, we may take a couple of samples over the following year. In our laboratory, 
we will examine the genetic material (either DNA or RNA) in your blood and/or 
mouthwash sample and compare this to your response to imatinib. \Ye will see if we 
can predict your response to treatment. We hope to use what we learn to predict 
people's responses to imatinib in the future. 

If a blood sample is needed, this will be taken at the same time as your routine clinic 
blood tests and so no extra venepuncture should be necessary. In exceptional 
circumstances, it may be necessary to take an extra blood test just for the research. 
Risks associated with taking blood may include pain, bruising or penetration of the 
needle through the vein leading to bleeding from the site of the needle. 

Confidentiality 
You will not be identified in any reports or publications resulting from this research. 
Results from this research will not be placed in your medical records. Information 
about your clinical details and the results of analysis of your samples will be held on a 
computer. We may share this information, with limited access, with colleagues in 
other research groups in the UK and abroad. 

We will consider your sample as a gift to us and our research. In the future, we may 
think of additional research questions where it would be very valuable to go back and 
analyse your samples again. We would like to ask your permission to do this. 

We do not intend to test any of your family members and so we do not forsee that the 
findings of our research will have any wider implications than the prediction of 
response to treatment. 

If you would like more information please do not hesitate to contact: 

Dr Stephen O'Brien 
Department of Haematology 
Royal Victoria Infirmary 
Queen Victoria Road 
Newcastle upon Tyne 
NE14LP 

Tel: 0191 2820568 
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11.2 Patient consent form 

Pharmacogenomic Investigations into Response And Resistance to Imatinib in 
Chronic Myeloid Leukaemia 

Name of Researchers: Dr Stephen O'Brien and Dr Pete Middleton 

I have read the information sheet on the above study and have been given a copy to 
keep. I have had the opportunity to ask questions about the project and understand 
why the research is being done. 

I agree to give a sample my blood and/or mouthwash. I understand how the sample 
will be collected, that giving this sample for research is voluntary and I am free to 
withdraw my approval for collection of the sample at anytime. 

I agree to the storage, on a secure computer system, of information about my clinical 
details and the analysis of my research samples and that this may be shared with 
certain research workers in the UK and abroad. 

I understand that my samples will be treated as gifts from me to the research team. 

I agree to the future use of my samples for research into improving the treatment of 
Chronic Myeloid Leukaemia. 

I know how to contact the research team if needed. 

Name of patient: 

Signature of patient: 

Name of person taking consent: Date of consent: 

Signature of person taking consent: 
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12 Appendix 2: Oregon Health and Science 

University consent documents 

All patients gave their consent for these studies, in according to the guidelines set out 

by the Declaration of Helsinki. Ethical approval was obtained from the Institutional 

Review Board. 

12.1 Patient information sheet 

IRB# 6384 
Approved: 
Revised: 4/5/2004 

OREGON HEALTH & SCIENCE UNIVERSITY 
GENETIC RESEARCH CONSENT AND AUTHORIZATION FORM 

TITLE: Mechanism of Imatinib Mesylate Resistance 

PRINCIPAL INVESTIGATOR Brian J. Druker, MD, (503) 494-5596 

CO-INVESTIGATORS Aleksandra Simic, MD, (503) 494-8945 
Michael Deininger, MD, (503) 494-1603 
Michael J. Mauro, MD, (503) 494-0376 
Richard Maziarz, MD (503) 494-1551 
PeterT. Curtin, MD, (503) 494-1551 

494-1551 

Society 

W. Harvard Fleming, MD, PhD, (503) 

Jose F. Leis, MD, PhD, (503) 494-1551 
Richard D. Press, MD, PhD, (503) 494-2317 
Suzanne Balleisen, ACNP (504) 494-1551 
Carol Jacoby, ACNP (503) -+9-+-0527 
Amy Kulikosky, ACNP (503) 494-1551 
Susan Schubach, FNP (503) 494-5031 
Bryon Allen, FNP (503) 494-1551 

Michael Heinrich, MD (503) 220-8262 \53405 
Tibor Kovacsovics, MD (503) 494-1551 
Brandon Hayes-Lattin, MD (503) 494-1318 
SPONSQR: Leukemia and Lymphoma 
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PURPOSE: 

You have been invited to participate in this study because you have Chronic 
Myelogenous Leukemia (CML), or Philadelphia chromosome positive Acute 
Lymphoblastic Leukemia. You mayor may not have begun taking Imatinib ~les\late 
(Gleevec). We are collecting blood and bone marrow samples to identify anv . 
relationship between your individual genetic markers and your treatment outcome, 
including improvement with Imatinib treatment or failure to respond to treatment with 
Imatinib. 

Some patients have already donated blood and bone marrow samples for a former 
study examining the effect of Imatinib on leukemia cells. If you have donated 
samples to that former study, we would like your permission to use the blood and 
bone marrow samples you previously donated for a new study to identify any 
relationship between your individual genetic markers and your treatment outcome, 
including improvement with Imatinib treatment or failure to respond to treatment with 
Imatinib. 

Your personal involvement in the study will take approximately 10 additional minutes 
of your time during appointments when routine blood tests or bone marrow 
procedures are done as part of your regularly scheduled medical care. The use of 
individual genetic markers from your blood and bone marrow together with 
information about how you are doing during your treatment with Imatinib will be 
used for this research. 

The DNA/RNA (genetic blueprints) taken from your samples of blood and bone 
marrow may be stored for future use to research scientific questions related to 
leukemia, oncology, other disease processes or other drug research and development. 

SUBJECT ACCESS TO GENETIC INFORMATION: 

Results of these studies are for research purposes only and since they are not expected 
to benefit you directly or to alter your treatment course, the results will not be made 
available to you, members of your family, your personal physician, or other third 
parties. 

PROCEDURES: 

As part of this study, your medical records will be reviewed for past disease history, 
and future information collected about your disease. In addition, your routine clinical 
laboratory results, research laboratory results and clinical information will be entered 
into a research database that is password-protected and secure. 

Samples of your blood and bone marrow will be obtained for use in this study. \\'e 
will obtain the samples at the same time routine blood tests or bone marrow 
procedures are done as part of your regularly scheduled medical care. You may 
refuse to donate the blood or bone marrow aspirate at any time. 
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For the blood samples, an additional one to two teaspoons of blood is needed. Blood 
is ~o~lected throu.gh a needle attached to a syringe after placing the needl~ through the 
skm mto your vem. A small bandage will be applied and the procedure will then be 
completed. 

Bone marrow is obtained by a bone marrow aspirate procedure. A local anesthetic 
(pain killer) will be given to numb a small area on the back of your hip. Then, a 
needle will be placed into the hipbone and about 1 additional teaspoon of bone 
marrow will be taken out for the purpose of this study. This additional sample will be 
collected each time you have a bone marrow aspirate procedure as part of your 
regularly scheduled medical care. The procedure lasts about 10 minutes. 

We are also requesting permission to use your previously donated blood and bone 
marrow samples for use in this study in order to identify any relationship between 
your individual genetic markers and your Imatinib treatment outcome. 

RISKS AND DISCOMFORTS: 

Blood drawing will cause some pain and carries a small risk of bleeding, bruising or 
infection at the puncture site. 

A bone marrow biopsy will cause some pain and carries a small risk of bleeding, 
bruising or infection at the biopsy site. An allergic reaction to the numbing medicine 
is rare (less than 1 in 10,000). Significant bleeding from a bone marrow biopsy is 
rare. Infection of the biopsy site may occur in up to 1 in 100 cases. 

If the results of these studies of your genetic makeup were to be released through a 
breach of confidentiality, this could affect your ability to get insurance or to get or 
keep a job. However, because the study results will not be entered into your medical 
record, there should be no risk to you that your insurance or employment will be 
affected in any way. 

There are no foreseeable risks to you for giving us permission to use your previously 
collected blood and bone marrow samples. 

BENEFITS: 

You will not benefit from participating in this study. However, by serving as a 
subject, you may contribute new information, which may benefit patients in the 
future. 

AL TERNATIVES: 

You may choose not to participate in this study. 

CONFIDENTIALITY: 

Confidentiality of information relating to your sample(s) will be protected to the 
extent permitted by law. To protect you against the risk of loss of confidentiality all 
samples as well as your medical information will be marked with a code number only 
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and will not identify you by name. Only the investigators named on this consent form 
will be authorized to link the code number to you. Research records may be reviewed 
and/or copi~d by the study sponsor (Leukemia and Lymphoma Society): the \!ational 
Cancer InstItute, the US Food and Drug Administration, and the OHSU Institutional 
Review Board. 

All ~ther p~rties including employers, insurance companies, personal physicians, and 
relat~ves w~ll be refu~ed. access to the information or to the samples, unless you 
provIde WrItten permISSIOn, or unless we are required by law to do so. 

Neither your name nor your identity will be used for publication or publicity 
purposes. 

COSTS: 

There will be no extra costs to you for the additional blood or bone marrow samples being 
taken for purposes of this study; however, you or your insurance will still bear the costs 
associated with your routine blood draws and bone marrow aspirate and biopsies as part of 
your standard and usual care for CML. 

COMMERCIAL DEVELOPMENT: 

Under Oregon law, the cell lines and purified DNA derived from your blood or bone 
marrow samples are yours to do with as you determine. By consenting to participate, 
you authorize the use of your samples for the research described in the PURPOSE and 
PROCEDURES sections of this document. In addition, you acknowledge that OHSU 
may make any lawful use of your samples, including, but not limited to, future 
research studies, destroying them, or transferring them to a public or private entity. 

Samples obtained from you in this research may be used to make a discovery that 
could be patented or licensed to a company. There are no plans to provide financial 
compensation to you should this occur. However, should OHSU ever provide your 
samples to anyone else for research or commercial use, it will do so in such a way as 
to protect your privacy and confidentiality as stated in the CONFIDENTIALITY 
section of this document. Further, you will have no responsibility or liability for any 
use that may be made of your samples. 

LIABILITY: 

It is not the policy of the U.S. Department of Health and Human Services, or any 
federal agency funding the research project in which you are participating to 
compensate or provide medical treatment for human subjects in the event the research 
results in physical injury. 

The Oregon Health & Science University is subject to the Oregon Tort Claims Act 
(ORS 30.260 through 30.300). If you suffer any injury and damage from this research 
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project through the fault of the University, its officers or employees, you have the 
right to bring legal action against the University to recover the damage done to \ ou 
subject to the limitations and conditions of the Oregon Tort Claims Act. Oreoo~ 
Health & Science University is also subject to the Oregon Genetic Privacy la~' (ORS 
192.531 through ORS 192.549) and its requirements concemin g confidentialitv and 
the legal remedies provided by that law for breach of its requir;ments. You h~\'e not 
waived your legal rights by signing this form. For clarification on this subject, or if 
you have further questions, please call the OHSU Research Integrity Office at ~503) 
494-7887. 

PARTICIPATION: 

If in the future you decide you no longer want to participate in this research, we \\'ill 
destroy all your blood or bone marrow samples. However, if your genetic samples 
are already being used in an ongoing research project and if their withdrawal 
jeopardizes the success of the entire project, we may ask to continue to use them until 
the project is completed. 

Dr. Brian Druker, (503) 494-5596 has offered to answer any other questions you may 
have about this study. If you have any questions regarding your rights as a research 
subject, you may contact the OHSU Research Integrity Office at (503) 494-7887. 

You do not have to join this or any research study. If you do join, and later change 
your mind, you may quit at any time. If you refuse to join or withdraw early from the 
study, there will be no penalty or loss of any benefits to which you are otherwise 
entitled. 

Please initial only one of the options below. 

I give my consent for my blood/bone marrow samples, including my 
previously donated samples, to be stored and used for this study only. I reserve 
the right to withdraw my samples unless the withdrawal would jeopardize this study. 

I give my consent for my blood/bone marrow samples to be used for 
this study and stored for possible future use to research scientific questions related to 
leukemia, oncology, other disease processes or other drug research and development, 
but I wish to be contacted for permission prior to any future use. I also reserve 
the right to withdraw my samples in the future. 

I give my consent for my blood/tissue samples to be used for this study 
and future studies to research scientific questions related to leukemia, oncology, other 
disease processes or other drug research and development. I do not need to be 
contacted for permission in the future. However, I reserve the right to withdraw my 
samples in the future. 
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12.2 Patient consent form 
You will receive a copy of this consent form. Your signature below indicates that you 
have read the foregoing and agree to participate in this study. and agree to allow us to 
use your previously collected blood and bone marrow samples. 

Signature of Subject 

Signature of Investigator 

copies to: 

originals to: 

Subject 
Inpatient Chart 
Clinic chartlResearch chart 
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