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Introduction
Microarray gene expression profiling has been used to

classify tumors(1,2), predict prognosis(3,4), and to

Results

Of the 16 case sets whose frozen tissue samples had high

Sample Years in Product i f : . .
predict response to chemotherapy(5,6). The majority of P ‘ quality RNA as determined by microcapillary electrophoresis
code_{Tissue type storage Forward verse sizep)  (indicating initial integrity of the procured specimen) 10 had
these reports have used fresh or flash frozen tumor Serous papillary carcinoma of ovary -ATTCACCCCCACTGAAAAAG-3" |5-TCCATGATGCTGCTTACATG-3" 106 o ) e o
specimens as sources of RNA transcript. As the Papilary thyroid carcinoma ATTCACCCCCACTGAAABAG _|SGCAGCTTTATGATATGACTAC-S 154 RNA from the FFPE tissue that yielded sufficient amplified
indications for microarray profiling have grown in [ 3 |Endometriod of uterus -GTACGCTGTGAAGGCATCAA-3 [5-GTTGGTGTTCATCCGCTTG-3' 90 cDNA (> 5 ug) to continue to microarray hybridization. While
translational research and clinical medicine, it is the [ 4 [Wilm's tumor of kidn [ACTB-67 _[Beta-actin -TCCCCCAACTTGAGATGTATGAAS-AACTGGTCTCAAGTCAGTGTACAGG-3 67 there was a trend for older cases to fail reverse transcription
e : ’ ransitional cell carcinoma of bladder 4 [ACTB-117 |Beta-actin -ATCCCCCAAAGTTCACAATG-3 |5-GTGGCTTTTAGGATGGCAAG-3 | 117 and isothermal DNA amplification (Fig. 1), there was not a
availability of fresh or frozen tumor tissue that has proved ransitional cell carcinoma of bladder [HPRT___|Hypoxanthine Guanine |5-TGACACTGGCAAAACAATGCA-3/5-GGTCCTTTTCACCAGCAAGCT-3' 94 N ificant diff { the FEPE block
to be limiting. The majority of clinical tissue specimens ransitional cell carcinoma of bladder - significant difference in age of the ocks
are fixed in formaldehyde and embedded in paraffin asal cell carcinoma of skin Table 2: RT-PCR assays used in this study between those cases that amplified and those that did not (P =
(FFPE) for histologic examination. There are several ransitional cell car'cmoma of bladder 0.909). The age of the blocks ranged from less than 1 year old
. . 10 L of uterus’ to 6 years of age, While both 6 year old cases failed
reports of the successful use of FFPE issue sample in 11 |Squamous carcinoma of skin amplification, a 5 year old case performed adequately, and at
microarray profiling(7-10), but it is still not well 1. carcinoma of liver E 1: Eff f | g € d s
established how many archival FFPE clinical tissue 13 |Squamous carcinoma of lun [ 2 igure 1: Effect of sample age on least one block less than one year old did not yield RNA of
samples yield satisfactory results. There have been 14 [Transitional cel carcinoma of bladder 55 cDNA amplification. Although the sufficient quality to perform GeneChip hybridization.
recent advances in the extraction of RNA from FFPE 15 |Transitional cell carcinoma of bladder :‘; ol mean age of the FFPE samples that
samples, and in the preparation of labeled probes from 0 Ttansitonalcellcarcinoma of ladder E‘ e . . failed amplification is greater than the Table 3 contains the results of the correlation of GeneChip
FFPE tissue. Here we present the results of our recent Table 1: Characteristics of samples | S T samples that were successfully probe sets between matched FFPE and frozen tissue samples,
experience in isolating RNA from FFPE samples, used in study S s amplified, this difference is not while Fig. 2 shows a graphical comparison of the correlation for
creating representative probes of transcripts using cDNA E 20 . . statistically significant (P = 0.909). a subset of the matched cases. 7 of the 10 matched sample
isothermal amplification, and in hybridization to Affymetrix * sets (70%) had correlation coefficients of 0.6 or higher, which
oligonucleotide microarrays and comparing the results 05 are deemed similar enough for the FFPE results to produce
with those of RNA isolated from matched frozen tissue 00 s gene expression signatures that are reflective of the frozen
samples Amgidied Failed Amgification samples. Thus, from our cohort of 16 matched samples, and
using these techniques, RNA from 7 FFPE samples (44%)
Materials and Methods yielded gene expression signatures nearly equivalent to good
Yield of | Fr-FFPE ACtLof RT-PCR Table 3: Performance of FFPE samples in quality RNA obtained from frozen tissue.
Tissue samples amplified | GeneChip | B2M- | B2M- [RPLL ACTBACTE|  L\ia a‘mplificalion GeneChip assay and
Tissue samples were obtained from surgical resection specimens at The University ample ”z‘qé““) Cor eg:‘"’" 063 HPRT| 67 _| 117 GRT-PCR. Samples shown in green achieved ;';10 T‘fltlimIn:;;ge-ana:yma!lIqRTIZ:IPCdR aSStEW(SBCa“(I:JI:EdIC‘ if
of Virginia Health System by the U\_/A_B_lorep0§|tory anq Tissue Researc_h Facility 560 76 good correlation with their matched frozen rezul'rs [r:r; AN ffo?&ZSngbélzssjezz:plees :vlfs sulgjected
(BTRF) (hnp./lwwwv .heallhsyslem.vng|n|g.edu/lmernel/ussugprocurgl) with IRB 10.12 60 tissue in GeneChip assays (7/16, 44%). i Ir AANSU AR i~ e DO
approval. Frozen tissue samples were withdrawn from the Biorepository that matched 7 .74 shown in orange yielded adequate 0 reverse transcription and subsequent quanttative |
formalin-fixed paraffin-embedded samples in the archives of the Pathology g ;Z ¢DNA. but did not correlate well with their ﬁsays of six d':{efem a}:eas Pfeieg: |n34 hzulf]ekeeplfl\gl_ge"efs-
i i : N - . e assay results are shown in Table 3 and the correlation of
Department at the UVA Health System. Frozen tissue was subjected to cryostat 7 56 85 30 matched frozen tissue sample in GeneChip the asen yresulls o amolfied CDNA vield and GeneGhi
sectioning, with tumor areas corresponding to >70% cellularity dissected from the g 1048 )52 167 assays (3/16, 19%). Samples shown in red did - y " " PT boa | Yy Mo ae ID
frozen tissue using frozen histologic sections as guides. FFPE tissues were 9 050 not yield sufficient cDNA in isothermal CDNA correlation are shown in Table 4. In general the AC, values are
sectioned at 8 micron thickness onto glass slides which were then deparaffinized with 1 0 0.38 87 amplification to perform a GeneChip assay negatively correlated with the degree of similarity of the
xylene. Using cover-slipped slides stained with hematoxylin and eosin as guides, 8 ZO 11.20111.73 171 7 ; 01 (6/19, 38%). GeneChip expression profile between the matched FFPE and
tumor areas corresponding to >70% cellularity were manually scraped from the 8 73 3 180 T 3 frozen tissue. That is, the smaller the degree of difference
deparaffinized slides. The tissue samples are described in Table 1. 5 723 T10.00[12.33] 790 | 787 between the FFPE samples and a high quality reference RNA
0 763 8.03 | 740 | 5.13 | 487 sample in the gRT-PCR samples, the greater the correlation of
RNA isolation 1 7.63 |11.47]11.80] 9.90 | 8.00 signal intensity across the spectrum of probe sets in GeneChip
RNA was isolated from FFPE tissue using the RNeasy® FFPE kit (Qiagen) using the assays. The RT-PCR assay with the greatest correlation
reagents and conditions supplied by the manufacturer, except for increasing the 55° RT-PCR Table 4: Correlation of gRT-PCR with bi‘}”s@” and Gle_"§Ch'chC!thfe':all0n lSdBZM*_IOG (Fig. %A)v
C incubation time from 15 minutes to overnight. RNA was isolated from frozen tissue B2M- | B2M- ACTB-TACTB-| cDNA amplification and GeneChip Wh ic! 't" O_Ut( P”;:":'”:W Ida TI an 90(;3_ ”?C?lverr Opefri:}r’E
using the RNeasy® kit (Qiagen). RNA concentration was determined by 106 | 154 RPL13a| HPRT| 67 | 117 | ragyits. While several of the gRT-PCR c aralc S”'f ics il al Sf ould al “0}” g’ |s<(::;‘|_m|na ion OF' e
absorbance at 260 nM. RNA and cDNA were also analyzed by microcapillary ﬁ:’:g?ﬂf:;mes ;ég 3-;‘; 1503060 150-754 g-g‘g‘ 323 assays predicted adequate CDNA samples that will perform well in GeneChip assays (Fig. 3B).
elgclrophpresls (Bloanalyzer“ Ag|le_m). Sample pairs were rejected ‘|f the et P valle 506551 0.0o12 To.0004 To.00as 1o c1a 9 coo] amplification of the FFPE samples, the Conclusions
microcapillary electrophoresis profiles of the RNA from the frozen tissue showed [Av. .01 of GeneChp Corr. Samples | 584 | 394 | 521 | 5.98 | 400 | 448 | B2M-106 assay was best correlated 0N
significant RNA degradation. [AV..AC of Non-corr, Samples 995 | 614 | 913 | 984 with FFPE samples that matched their > Slightly less lha_n half of FFPE sample§ may be
- o ) ) test P value 0.0008]0.0780 0.0019 0.0014 frozen tissue counterparts (smallest _ amenable to microarray gene expression profiling
Quantitative reverse transcription and polymerase chain reaction (QRT-PCR) Correlation of £Ct to GeneChip Corr| -0.74 | 0.34 | -0.38 | -056 negative number is best). ivPre-alnaIytrl‘c RTl-IPCR ca? be uzed to 1r||age FFPE
cDNA was made from 1 ug of RNA using Superscriptase Il (INVITROGEN). gqPCR samples that will not perform adequately
was performed on a Biorad iCYCLER Thermal cycler using iQ SYBR Green
supermix. See Table 2 for PCR designation and primer pairs. Threshold cycle e [ 5 Next Steps
number (C,) was determined for each study sample (S) and for a reference sample o - | >Expand cohort to obtain a more reliable assessment
(R) of intact RNA (Universal Human Reference RNA, Catalog #740000, Stratagene). . of pre-analytic RT-PCR test results and to obtain a
The assays were performed in triplicate and the results averaged. To control for run o | greater sampling of matched probe set comparisons
to run variability, the results are reported as AC,, where ACt = (CS - CR) i - = Sample Set®  Sample Set5  Sample Set 6 between FFPE and frozen tissue samples
- . I N - ’ ¥ A =050 R=077 R =082 > Determine if specific probe sets are more reliable
Reverse transcription, cDNA isothermal amplification, probe labeling g = than others in querying gene expression in FFPE
Reverse transcription and whole transcriptome cDNA isothermal amplification was . Figure 2: Scat‘ter plqts of matched samples
performed using the WT-Ovation™ FFPE RNA Amplification System Version 2 kit fluorescenc_e intensity values for U133 Plu_s
(NuGEN Technologies, Inc.). 50 ng of input RNA was used from frozen samples and R e o . e 2.0 GeneChip prob_e sets from selected pairs
100 ng of input RNA was used for FFPE samples. cDNA probe biotin labeling was eamen#HPE GereChig Covreiatian of FFPE & frozen tissue.
performed using the FL-Ovation™ cDNA Biotin Module Version 2 kit (NUGEN
Technologies, Inc.).
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