Protocol S1

Two datasets were primarily used in the analyses conducted in this paper. The first was previously used in studies of nasopharyngeal cancer (NPC) at the University of Wisconsin – Madison [1,2]. The Madison data consists of 41 nasopharyngeal tissue samples, 31 of which are from NPC tumors and 10 from normal tissue. On each of these samples, three sets of measurements were taken. The first consists of an Affymetrix HG-U133-Plus 2 mRNA microarray, measuring the expressions of 54675 transcripts corresponding to approximately 38500 human genes. Next, the expressions of 207 different miRNA transcripts were measured using a custom-built miRNA microarray. Finally, PCR measurements of 10 different Epstein-Barr virus (EBV) genes were taken.


The raw data from the Affymetrix mRNA microarrays used in the Madison study were processed to obtain mRNA concentration estimates [3] in order to put the measurements in units natural for aggregation (such as done in our models). To obtain overall expression levels for a given gene in a tissue sample the concentration levels corresponding to each variant of mRNA produced by that gene were summed. Because the transformation from probe intensities to concentration estimates is based on spike in studies of an Affymetrix microarray (the Human HG-U95 Latin Square experiment conducted by Affymetrix) and no comparable work has been done on the miRNA microarray, the miRNA expression values previously determined by [2] were used directly in our comparisons of m/miRNA expressions. PCR expression measurements of the EBV gene EBNA 1 were normalized as in [1] and used directly in our system biologic models relating m/miRNA expression as a proxy for EBV activity. It was previously demonstrated that EBV is active in the NPC tissue samples used in this study and not in the normal, as measured by EBNA 1 expression [1].

The second dataset used in this study was previously used to analyze overall patterns of miRNA expression in a variety of cancers at the Broad Institute [4], and was obtained from the Broad website (http://www.broad.mit.edu/cgi-bin/cancer/datasets.cgi, “MicroRNA Expression Profiles Classify Human Cancers”). We analyzed 67 tissue samples from 10 different tissue types: 7 colon tumor, 8 pancreatic tumor, 6 bladder tumor, 6 normal prostate, 6 prostate tumor, 5 ovary tumor, 10 uterine tumor, 5 lung tumor, 8 mesothelioma and 6 breast tumor. (We note that the dataset contains additional tissue samples not used in this study because they were not sufficiently duplicated across tissue type to control for differences in mRNA expression attributable to tissue type differences rather than miRNA activity.)  For each of the samples, mRNA expression measurements were made using the Affymetrix Hu6800 and Hu35KsubA microarrays (7129 and 8934 transcripts respectively) and the expressions of 151 human miRNAs were measured were made using a custom-built microarray. This data was not processed beyond aggregating the provided mRNA expressions into genes, as done for the Madison dataset. 


The Madison and Broad datasets were combined to create a third dataset containing information on 10093 and 151 common m- and miRNAs taken over 108 tissue samples from 12 different tissue types. The expression of Ago 3 and the EBV gene EBNA 1 in observations originating in the Broad data were assigned the value 0. We note that no effort was made to process the Madison and Broad datasets with the same algorithm. Rather, we simply merged the dataset and compensated for the differences in our regression modeling.

The known miRNA-gene targeting relationships that are used in this study are reported in Table S1 and were taken from the TarBase miRNA target database [5]. There are 76 target pairs commonly observed in both the Madison and Broad datasets, and 23 additional pairs observed in the Madison data alone. The description of each pair in Table S1 consists of the names of the miRNA and the targeted gene (and any alternative nomenclature); the targeting relationship category reported by TarBase (cleaving / translationally repressive); a citation to the originating study; and those computational target prediction databases (miRBase [6-8]; PicTar [9]; TargetScan [10-12]) that contain a prediction consistent with the known relationship. TarBase suggests more previously observed targeting relationships than reported in Table S1. Targeting relationships suggested by TarBase that involved an m- or miRNA for which no data were collected or were suggested by solely microarray studies were discarded. The targeting relationships described are those that were determined through the use of gene mRNA and protein-specific techniques such as PCR, luciferase reporters and immunoblotting. TarBase distinguishes between cleaving and translationally repressive targeting relationships, and we report this information to be consistent with its contents. However, we examined the original studies supporting the 16 target pairs identified as cleaving that were included in our analysis to verify this categorization. To provide some context to this examination, we also analyzed studies supporting the 83 targeting relationships cited in TarBase as resulting in translational repression of the targeted mRNA. We did not find any reason to reject any of the target pairs labeled in TarBase as resulting in mRNA cleavage. However, simultaneous translational repression and cleavage of miRNA targets was demonstrated by a number of the studies supporting target pairs cited in TarBase as translationally repressive [13], and in other studies the use of only protein to miRNA comparisons could not justify such a distinction. Therefore, we regard this category as noninformative.

In extracting data for the previously observed target pairs from either the Madison, Broad or combined datasets, the gene and miRNA targeting relationships reported in TarBase did not always refer to genes and miRNAs in a consistent manner with their labels on the m- and miRNA microarrays. The gene and miRNA titles given in Table S1 are from TarBase. If there was a mismatch between these titles and those used by the microarray devices, the title used on the device is appended to the title in parentheses. In some cases, a unique relationship between the miRNA title used by TarBase and the miRNA microarray could not be determined. In such cases, the set of miRNA microarray probes corresponding to the miRNA indicated by TarBase are reported, and the miRNA expression was obtained by summing the individual probe expressions.

To verify that the known target pairs were substantially expressed in the tissue samples from the Madison dataset, we checked the mean, variance and range of RMA expression values for each probe corresponding to each gene and miRNA under analysis across the tissue samples in each data set.  The effects of gene/miRNA nonexpression on the results described in this paper are minimal. Each of the 99 genes under analysis were associated with at least one probe with a RMA expression level greater than 5.0, and only 6 of the pairs were associated with a gene for which all probes were less than 6.0 (RMA values of approximately 5.0-6.0 are typically regarded as measurable response). Similar checks and aggregation were done for Argonaute gene expression levels. We found the observed expression levels for Ago 1-4 to be above noise levels and varying substantially. Although there is no minimal threshold for the expression levels from the miRNA microarray used in this study analogous to that described for mRNA microarrays processed by RMA, a simple check was done by generating mean expression values for each of the 220 miRNAs under study and comparing the means of those used in the target pairs under study to those of the entire population. All of the miRNAs under analysis were ranked in the top 90% of mean expressions. No substantial effort was made to verify high expression of the known target pairs in the Broad data, however the observed expression levels for Ago 1-4 were previously found to be above noise levels and varying substantially across tissue samples [4].

The computationally predicted miRNA-gene targeting relationships that are used in this study are reported in Table S2. There a total of 873 pairs predicted simultaneously in the miRBase and TargetScan databases corresponding to measurements in the Madison data with differentially expressed miRNAs and mRNAs with above average expression variability. (These criteria were applied to assure high-confidence computational predictions and above noise measurements.) For each miRNA, Table S2 provides the numbers of individual and simultaneous predictions from miRBase and TargetScan and a list of the simultaneously predicted gene targets, with those verified highlighted in red. 
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