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For microarray analysis to become a reliable diagnostic tool, it is imperative that the reliability and Were then cit at 50um thickness and trarsferred to10m TRIzol Reagent for total RNA isolation. Another 5um secti Microarray Analysis . . .

accuracy of identification of the clinical sample be confirmed by histologic analysis and cut for H&E staining, followed by five more 50um sections for RNA isolation. A final 5um section was cut for histological The results of microarray analysis for representative samples are shown in figure 5.

correlated with the gene expression assay. In parallel the microarray production quality must be analysis. The sample set now consisted of two aliquots for gene expression analysis bordered by three histologic sections. These data show positive correlations (0.85, sd 0.039) between reciprocally labeled replicates and adjacent sections

controlled to ensure accurate and reproducible results. Hematoxylin and Eosin Staining (avs. b cvs d)i of gene exp profile within samples. Tl reflected in the

Slides were post-fixed in 70% alcohol, rinsed in water and Hematoxylin and Eosin stained using a Leica Autostainer XL. The slides histological similarity of adjacent HEE sections (e.. a 5. 5, ¢ 5. ). The average correlation of sample pairs
By I D i o i gy D ) i S e o el were differentiated in a 0.5% solution of acetic acid and rinsed in water between stains. The slides were then dehydrated (aolsteoyhoveve pEIoN e trond[discrenancylbstwesnlsamniesssveNencleldhTASamplels L eibeinglalie
ch system’s value. through a series of graded alcohols and xylene and coverslipped using a Leica CV5030 automated cover slipper. normal/ltumor ;; w 9s‘;uvwed an average correlation of 0.76 while sample eight, a misidentified normal/tumor pair had
a correlation of
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In this report, we describe a workflow for identifying representative tissue suitable for gene i i a " " 4 & ~ .
tal images of representative areas of the tissue were recorded using a Nikon E600 microscope equipped with a Spot Insight The cytogenetic changes observed by SKY in the DLD1-0746 and DLD1-1370 cell lines were recapitulated in the

expression analysis based on its histological characteristics. Furthermore, we demonstrate the color CCD camera. The images were analyzed using Image Pro Plus V4.1 to determine the total area and number of nuclei in ioroarray data, AS shown in figure 6, amplification of chromosomes 7 and 13 were evident in the microarray dat
quantitative value of specific histologic features of a sample as predictors of RNA yield and ‘the selected region of interest. Each case had multiple images taken at 20X. For each case, five representative regions were [ A u'?e Yy it CISBI\SJIA L dlgur a';'p [ig atl e tg"‘ SoImeS) 5 w: AL elt ::‘cr ey, that
quality, and . accuracy and repi of information gleaned from the gene selected for calibration. The number of nuclear pixels was automatically identified for each calibration image by software as Iz 7 rmine v { providing a 'r’]"s' ive control that the microarray production process resulted in arrays that
expression analysis using microarrays. These methods will assist in the planning of genomic developed by our lab, applying the segmentation method of Ridler and Calvard to the blue channel of each image. The nuclei could demonstrate gene expression change: p es.
analyses by enabling clinicians and researchers to accurately determine the suitability of a given were also manually counted for the calibration images, to generate a conversion factor for converting pixel counts into " | =T o
tissue sample for gene expression analysis, the number of replicates that can reliably be provided number of nuclei. This scaling factor was then used with our software to automatically enumerate the nuclei in the remainder voowsl | Tome
by the sample, and the appropriateness of the sample classification (e.g. normal vs. tumor) as it of the images to calculate a mean pixel count per mm2 for each case. i [_L Y
relates to comparing the paired samples. RNA Isolation L] Figure 5. Pearson Correlations of Microarray
. o . . B . . RNA isolation was performed according to manufacturer's specifications (Invitrogen). — She=o
This technology will improve quality control and quality assurance of microarray analysis using either RNA Am) ation — Py o e Data for samples 7 and 8.
CcDNA or commercially available gene platforms (e.g. Affymetrix, Agilent). For research and The Ambion MessageAmp aRNA Kit was used to amplify all RNA samples. One round of amplification was performed for all
developmental studies, cDNA genomic analysis is cost effective and accurate but only if it meets samples according to manufacturer's specifications. 10ug aRNA was used for all subsequent direct labeling reactions. P
the rigorous QC and QA standards characteristic of CLIA and CAP approved laboratories. Microarray Production / Quality Control ==
N B Microarrays were produced using a custom contact arrayer designed by the Laboratory of Microarray Technology of the Van
In this study, we selected a series of nine sarcoma cases from the Van Andel Tissue Repository4 Andel Institute and Beta Integrated Concepts. The arrays consist of 19,968 features that are a combination of human cDNA et
which were reported to contain patient matched samples of tumor and normal tissue. We report clones from the IMAGE cloneset and positive and negative controls. The control sequences are included on the arrays for the § i o
here the results of paired histologic and microarray based gene expression analysis on these necessary verification of a lack of nonspecific binding and to demonstrate that expected ratios can be observed when known ElurelCgMicroarey Enernegiaiceion
samples, and propose a system for determining likelihood of successful RNA recovery based on amounts of control mRNA are spiked into the sample. = 5
nuclei count and tissue volume. A schematic flowchart of the proposed workflow is shown in figure 1 i t i i Gene expression results are validated by
. g To control for print plate order and orientation errors that can potentially be made during microarray production or microtiter concurrent hybridization of cell lines with
plate construction, we have devised a method of plate registration that allows for immediate identification of any errors. We ey well characterized chromosomal
insert a specific control cDNA into a patterned selection of wells on each of the 96-well storage plates that make up the clone abnormalities. The DLD1-1370 cell line is a
set to control for potential technician errors that can be made during the preparation of the plates for microarray production trisomy-13 and the DLD1-0746 is a trisomy-7.
and during production itself. Two unique wells of each 96-well plate contain an Arabidopsis thaliana clone that is visualized — The two cell lines are derivatives of the same
when the complementary mRNA is added to the labeling reaction and subsequently hybridized to the array (Figure 3). parent cell line. The trisomic character of the
| cell lines is clearly reflected in the gene
T expression pattern.
—
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Fiqure 4. Expected vs. Observed Tissue Identity.

Its clear that for these cases, the identification and
viability of the samples as determined by the surgeon
at the time of excision is not always accurate.

Discussion

Array analysis is a comparison between two different but related samples or a sample against a well

characterized standard’. The paired samples are usually related to each other by a common patient or tissue
source. The paired samples could just as likely be infected vs. uni The
data is dependent on the accuracy of the division of the samples between the “normal” and the “tumor”. The
requirement also exists for the sample to be the “equivalent” normal to match the tumor. For this reason it is
optimal for a trained surgical pathologist to observe the samples and confirm that the “pairs” are correct and
appropriate and that the tissues are suitable for molecular analysis. Only pathologists are trained to recognize
subtle differences between histologic structures that would prove of vital importance in the interpretation of
the genomic results. Through the use of the established frozen section technology, pathologists can do both a
molecular and an anatomical analysis.
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/ / Figure 3. Microarray, pmductmn quality control.

// Panel A: Hybridization of a Cyanine-3 (green) labeled oligonucleotide complementary to the primer sequence common to all human cDNA Specifically, the potential pitfall in paired analysis analyzing cancer is that it is possible and sometimes common
S () D By G811 T 0 P O i) I Al G i IV i e ey, for a tumor sample to contain significant numbers of normal cells and vice versa. This is because cancer by its
Panel B: Hybridization of a Cyanine-5 (red) labeled oligonucleotide complementary to the primer sequence of the Arabidopsis thaliana plate TS0 TR Mol (0 G ) e Rt (s, O G (S G G el G o]

registration control sequence allows for verification of print plate order and orientation during microarray production. R OED G GO ] DR LT i T T ST BT (e B s LT e Gty Oty
laser capture micro-dissection done by a skilled surgical pathologist then the unique signature will be correct.
Similarly, mMRNA analysis is dependent on viable, well preserved cells and tissue. If the sample is necrotic or
contains heterogeneous cellular material, the amount of mRNA is
adversely affected. A simple histological section can often determine if the sample is viable, cellular and
contains the appropriate histologic tissue.
The histologic signature of frozen clinical samples is predictive of RNA isolation success and consequently, the
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Post-Production Quality Assurance of Microarrays

To control for laboratory, technician, and sample preparation variability, concurrent hybridizations using RNA from cells with
well-characterized chromosomal abnormalities are performed with each microarray experiment. Colorectal carcinoma cell lines
DLD1-0746 and DLD1-1370 have duplications of chromosomes 7 and 13 respectively as confirmed by spectral karyotyping6.

Figure 1. Schematic Flowchart for Microarray Figure 2. Paired Histology and Gene Expression Generation of Fluorescently Labeled cDNA Targets o ! 5 5 H "

Analysis of Frozen Clinical Samples. Analysis Paradigm. We selected for microarray analysis samples 7 and 8 because they represented the clearest cases of correctly and incorrectly ability to perform gene expression analysis using microarrays. Furthermore, these data indicate that nuclei
identified tumor/normal pairs respectively. 10ug aRNA was used as template for direct labeling by reverse transcription using count is a more robust predictor of RNA isolation success than tissue volume. Tissue classification at the

surgical level to be and From this study it is apparent that the histology of

Sequential decision making is essential to successful Itis expected that differences in histology between SuperScriptl 1 reverse transcriptase and cyanine5-dCTP and cyanine3-dCTP. Following reverse transcription, the aBRNA

clinical samples must be determined because the label is not necessarily indicative of the contents. This is not

gene expression analysis of sections taken at different depths will be reflected in 5 i - > sl iz
A s o6 (D e G T (ST o 470 R S s template was ds_sgradg}d with Rnase Or_|e. The Iabe_leq ta_rgets were then purlf_led using QlAq_u:ck PCR purification kits and or e Rk i P g i Bt A b
G oy ] T 3 o D S B R I B i ey (02 (1 TN P bt o e e b concentrated with Microcon YM-50 filters. Hybridizations were performed in 35% formamide at 50C for 20 hours. All o E | el i ¥ EEENE 9
samples were hybridized in color-inverted replicates against a common Universal Human Reference (Stratagene Inc.). analysis. However, if the paired sa_mples are not qor!eren_t as to their normal and tumor desngn_atnons, the
results, while correct, will not be informative. This is evidenced by our gene expression analysis of sample

of the microarray product. ¢
Stringency Washes

After hybridization, the arrays were washed in the following solutions for 5 minutes each. numbers 7 and 8. By pairing the histologic and molecular signatures of the sample pairs it becomes clear that
1X SSC, 0.1% SDS while sample number 7 represents a valid opportunity for comparison, sample number 8 does not.
0.2X SSC, 0.1% SDS The results of this study suggest that histologic analysis of all clinical samples prior to microarray analysis
0.2X SSC decreases the likelihood of art factually biased microarray results. As biomarkers and gene expression
0.1X SSC patterns of disease continue to develop, microarrays become more capable of segregating individuals into
The first wash was done at 500C. Subsequent washes were done at room temperature. groups based on prognosis of disease, ultimately leading to appropriate courses of treatment for each individual
All washes were performed in the dark and in an environmental control chamber to minimize photo-bleaching and oxidation of the 11.13.14. The combination of histology and gene expression analysis has the power to improve the accuracy of
jual with i clinical diagnostics and prognostics by precise segregation of individuals into meaningful groups, allowing for

J : better informed therapeutic decision-making & .
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