[bookmark: _GoBack]microRNAs (miRNAs) were discovered in the early 1990s during experiments on the organism Caenorhabditis elegans. In 2004, researcher found that miRNAs were encoded in regions of the genome associated with cancer (7), which led to a flurry of research in this area. Nevertheless, miRNA research has become plagued by pitfalls. These issues have led to both false-positive and potentially false-negative miRNA associations. 
miRNA CLASSIFICATION: The miRBase registry (34–36) maintains the most up-to-date information on miRNAs and it’s the central repository from which investigators 1) expand the current encyclopedia of known miRNAs and 2) query its results to design experiments and interpret their experimental findings. 
TISSUE miRNAs: In tissues, miRNAs can have a 4-fold log dynamic range of abundance from 1 to 10,000 copies per cell (38). The correlation of tissue miRNAs and circulating miRNA levels is not always strong. However, there is evidence that tumor tissue miRNAs are released into circulation where they can be measured (8).
NONTISSUE, CIRCULATING miRNAs: Because blood samples collection is so common, the majority of miRNA studies currently focus on circulating miRNAs (48–52). While in circulation, miRNAs travel in at least 2 configurations that explain their stability in blood, including ribonucleoprotein shuttles and membrane-bound vesicular.
miRNA PREANALYTICAL ISSUES: Preanalytical issues include: 1) the way blood is collected and processed, 2) the effect of hemolysis on the circulating miRNA profile, 3) the way centrifuge speed alters analysis (74), and lastly, 4) plasma anticoagulants .
miRNA DETECTION: Assays that can be used to investigate tissue miRNA expression include 1) qRT-PCR arrays; 2) commercially fabricated microarrays; and 3) NGS.
miRNA DATA NORMALIZATION: Data normalization is desirable to correct for variation across samples. It is common practice to “spike-in” samples with exogenous controls using nonhuman miRNAs. Currently, one of the more common approaches is to use global median normalization. This is similar to microarrays that use locally weighted regression or quantile normalization prior to analysis.
miRNA STUDY DESIGN: Publication growth is currently logarithmic for both primary tissue and blood-based studies, but large-scale, population-based discovery efforts have not been published. The difficulty in assembling large studies is due to the cost of doing miRNA research. Case-control studies might be easier to execute.
miRNA LUNG CANCER CASE STUDIES: By searching the Medline database on November 9, 2013, we identified four studies matched for variables known to affect miRNA profiles, nine studies used serum for miRNA analysis, 8 used plasma, 1 used both serum and plasma, and 1 used whole blood. Twelve studies proceeded with a separate validation step, 11 of which performed split-sample analysis and 1 of which performed cross-validation (88, 105, 107–123).
CONCLUSIONS AND FUTURE DIRECTIONS: We conclude with some suggestions on the design and analysis of miRNA studies. First, accounting for multiple comparisons with validation should be the norm for all studies. Moreover, investigators and editors should resist the temptation to promote results of studies without including rigorous validation, because non-validated information creates an accumulation of fuzzy data that will hinder future progress.

s RN et vl in e oy 90 i s
oot g 133904 i o RNA e
g e s i e k. e of v
o s e, RN s b o s by . T s
e b i s d sl s e A s

N CLASSFICATION. h i gy (5430 s b s -
e i o AN 2 b e sy s whh et )
i h o ki of o RAS ) e el s

[N ——

B A e —
B ——
[ ———

NONTISSE, CHRCULATING miAAs s o sl i & 50
Common, ey o AN e ety oo o coebing A 531
[V ————

R R —————

RN PREANALVTICAL SSUES: Py e e ) sy b
LR ——
L T ——.

RN DETECTION: syt o b s s it A eprsion



