
SUMMARY POINTS

Matched pairs of colorectal tumor and normal adjacent tissue (NAT) from 15 • 
patients were obtained as formalin fixed paraffin embedded (FFPE) specimens.  RNA 
isolated from sections of these archived FFPE blocks was analyzed for differentially 
expressed miRNA and mRNA.

Improved purification methods at both cRNA and cDNA stages were developed at • 
Asuragen enabling comprehensive mRNA profiling from FFPE RNA.

Microarray analysis revealed 32 differentially expressed human miRNAs and 36 • 
differentially expressed genes (DEGs) for human mRNAs. 

The inverse expression of miRNA/target mRNA helps the prioritization of genes for • 
biological validation.

Consistent with previous reports, many differentially expressed mRNAs have • 
functions associated with focal adhesion, extracellular matrix-receptor interactions 
and stromal remodeling. 

These methods enable unbiased examination of the entire transcript in the context • 
of highly degraded RNA from FFPE tissues.     

 

CONCLUSION
This study examined the comprehensive miRNA and mRNA profiles from matched 
pairs of colorectal adenocarcinomas (tumor) and NAT obtained from the clinic as 
FFPE specimens.  A pair-wise comparison of the expression changes between tumor 
and NAT identified 32 differentially expressed miRNAs (p-value < 0.01, Figure 3A) 
and 36 differentially expressed mRNAs (corrected p-value with FDR of 0.01, Figure 
3B).  The unbiased labeling method paired with the Exon 1.0 ST array interrogates 
the entire transcript so that the isoform architecture can be inferred (Figure 5).  
Since the interaction of the miRNA-guided RISC with the 3’ UTR of the target mRNAs 
silences translation and often results in accelerated mRNA degradation (Valencia-
Sanchez et al., Genes & Dev. 2006 20: 515-524), it is worth noting that an inverse 
relationship between some differentially expressed miRNAs and their predicted 
targets was observed (Figure 4).  Pathway analysis of differentially expressed mRNAs 
from this data set revealed an enrichment of genes with functions in extracellular 
matrix interactions, focal adhesion and stromal remodeling.  These functions are 
predicted to be involved in the remodeling of the tumor tissue architecture that is 
distinct form the normal adjacent tissue, and miRNAs may play an important role in 
regulating these processes.  These data demonstrate that the relationships between 
miRNA and mRNA profiles can contribute important insights into the disease status 
of tissues.  
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Colorectal cancer (CRC) is the 3rd leading cause of cancer-related deaths in the USA.  A more comprehensive 
understanding of the CRC-associated RNA expression patterns promises to contribute to an improved 
knowledge of the underlying disease mechanisms and cellular processes that facilitate CRC progression and 
recurrence.  This knowledge can be used to promote a rational approach to improved biomarker design 
for CRC diagnosis, staging and monitoring.  To further these goals, we used Affymetrix Gene 1.0 ST Arrays 
and Exon 1.0 ST microarrays to examine the gene expression in matched pairs of human colorectal tumors 
and normal adjacent tissue (NAT) specimens obtained as formalin-fixed, paraffin-embedded (FFPE) tissue 
samples.  Protein-encoding genes with altered expression in CRC tumors revealed an enrichment of functions 
related to in focal adhesion, extracellular matrix-receptor interactions and stromal remodeling.  Thus, our 
microarray results on this set of FFPE specimens were consistent with the conclusions of previous reports.  
More importantly, the results provide preliminary evidence for involvement of non-coding RNAs and splice-
variant structure in CRC tumors.  These data demonstrate that a comprehensive analysis of the entire set 

transcripts from clinically accessible FFPE tissues can contribute important insights into the disease status
of tissues.

Clinical Sample Procurement: Colorectal tumor and NAT specimens were surgically removed, fixed and 
embedded prior to acquisition by Asuragen (Table 1).

RNA Isolation: Total RNA was purified from each tissue section using the RecoverAll Total Nucleic Acid 
Isolation Kit for FFPE (Ambion, Austin, TX).

miRNA labeling and hybridization: Total RNA (4 µg) was enriched for small RNAs using Ambion’s FlashPAGE™ 
gel-electrophoresis system. Fractionated RNA was biotin-labeled using Ambion’s mirVana™ labeling kit 
and a biotin-modified nucleotide (PerkinElmer, Waltham, MA). Samples were purified and hybridized onto 
custom Affymetrix (Ambion, miRChip v1) arrays according to standard operating procedures of Asuragen’s 
DiscovArray™ miRNA profiling service.  

mRNA Labeling and hybridization: Total RNA (1.5 µg) from each sample was processed according to the 
WT cDNA Synthesis and Amplification Kit  (Affymetrix, Santa Clara, CA) with modifications to the cRNA and 
cDNA purification steps to improve the recovery of small, degraded nucleic acids. Biotin-labeled cDNA 
was hybridized to Affymetrix Human Gene 1.0 ST and Exon 1.0 ST arrays, according to the manufacturer’s 
recommendations.
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Figure 3. Hierarchical clustering of differentially expressed microRNAs and mRNA

(A) Differentially expressed miRNAs are clustered according to the average fold change (log2 ratio) of miRNA expression 
between tumor and NAT. Differentially expressed miRNAs were defined by the paired T-test of Tumor v. NAT (p-value 
<0.01).  Two-dimensional hierarchical clustering was performed on both the samples (columns) and differentially expressed 
miRNAs (rows) using Euclidean average linkage as the dissimilarity metric on both dimensions.  Red represents Tumor > 
NAT and blue represents Tumor < NAT.

(B) mRNA DEGs are clustered using a similar approach as described for miRNAs. DEGs were defined by the paired T-test 
of Tumor v. NAT (FDR=0.01). 
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Figure 2. QC of Gene 1.0 ST Array Results

Affymetrix Expression Console™ was used to 
identify potential outliers.  (A). Area under 
the curve (AUC) of the Receiver Operator 
Characteristic (ROC) curve dropped substantially 
for one sample relative to the other samples in 
the project.   A Pearson’s coefficient correlation 
matrix (B) of the hybridization results identified 
the same sample as an outlier that is strikingly 
different from the other samples in the project. 
The tumor and NAT pair for this sample was 
removed from the analysis.

Table 1: Colorectal Cancer Sample Description
For each tumor described a section of normal 
adjacent tissue (NAT) was also obtained.
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Figure 1. Data Processing and Analysis 
* For each probe, an estimated background value is 
subtracted that is derived from the median signal of a 
set of G-C-matched anti-genomic controls.  Arrays are 
normalized together using variance stabilization method 
described by Huber et al. (Huber et al., 2002). 

** The GC-adjusted background correction, Quantile 
normalization and Mean Value probeset summarization 
were implemented using RMA in Partek Pro Genomics v6.3 
(Partek, St. Louis, MO). 
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Table 2. Gene annotation enrichment and pathway analysis
KEGG pathways and GO terms that were enriched in the lists of differentially expressed genes were identified using the 
National Institute of Allergy and Infectious Disease (DAVID) Bioinformatics Resources Genome Biology 2003; 4(5):P3. 
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Figure 4. Inverse expression between differ-
entially expressed miRNAs and their pre-
dicted targets.

The predicted mRNA targets of differentially 
expressed miRNAs were extracted from Tar-
getScan V4.0 and Pictar.  Inverse realtion be-
tween miRNAs are their predicted mRNA tar-
gets are seen.  Up-regulated targets of down-
regulated miR-30a and miR-30c in tumors is 
observed in (A) Thrombospondin (THBS2) (B) 
SOX4 and (C) Stanniocalcin 1 (STC1) (D) 
Down-regulation of NR3C2 (mineralocorticoid 
receptor) can be seen with up-regulation of 
miR-31 in tumors.  All these genes have been 
reported to play a role in tumorigenesis.

Figure 5. Exon Analysis of RNA from 
FFPE Tissues

The Affymetrix Human Exon 1.0 ST array data 
reveals differentially expressed exons and 
transcripts.  The putative transcript isoform 
architecture can be inferred for specific 
transcripts, as shown for CA2 (A) and SLC26A3 
(B).  This data confirms previous reports that 
CA21 and SLC26A32 are down-regulated in 
colorectal tumors.  It also demonstrates that 
this technology interrogates targets along the 
entire length of the transcript, so that 
splice-variant exon utilization can be 
predicted.
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