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Feasibility of circulating miRNA microarray analysis from archival plasma samples
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MicroRNAs have been found to be deregulated in several diseases and, due to their high stability in body
fluids, represent promising noninvasively detectable biomarkers. However, numerous technical variables
can affect accurate measurement of circulating miRNAs. Using a microarray-based method we assessed
the: (i) adequate intra- and inter-array reproducibility of miRNA profiling; (ii) feasibility of using archival

plasma samples stored for an extended period of time and available in limited amounts; (iii) good corre-
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lation between different batches; and (iv) time-dependent increase of background signals close to the
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MicroRNAs (miRNAs) represent a class of small noncoding RNAs
that regulate the expression of specific target messenger RNAs [1].
Aberrant miRNA expression has been reported in several diseases
such as cancer, cardiovascular, metabolic, autoimmune, and neuro-
logical disorders [2]. A large body of work has highlighted the po-
tential of miRNA signatures as biomarkers for diagnosis, prognosis,
and treatment of numerous pathological conditions taking advan-
tage of the extreme stability of miRNA in various types of clinical
samples. Moreover, the discovery that miRNAs are also present in
human body fluids (including blood, serum, and plasma) [3] in a
stable form protected from endogenous RNAses has sparked inter-
est in their use as potential biomarkers [4-6] and raised the possi-
bility of using blood-based miRNA tests to complement clinical
management through relatively noninvasive approaches.

Even though circulating miRNA profiling holds promise, there
still are numerous preanalytical and analytical challenges in tech-
nical variables that can affect accurate analysis of circulating miR-
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NAs in clinical practice. With regard to preanalytical variables, we
have recently demonstrated that adequately treated, heparin-col-
lected archival plasma samples are suitable for miRNA expression
analysis, without affecting the performance of miRNA detection
[7]. Regarding analytical aspects, the low abundance of miRNA in
body fluids can potentially limit their reproducible detection and
it is still unclear whether archival samples stored for an extended
period of time are suitable for this type of analysis. We addressed
these crucial issues using a microarray platform because it allows
reaching a higher throughput than PCR-based assays and is ex-
pected to be advantageous in a discovery setting. In a cross-plat-
form comparison experiment, we recently demonstrated that the
Agilent miRNA microarray platform was the best system to mea-
sure miRNAs extracted from human tissues [8]; thus, we tested
the performance of Agilent microarrays in measuring miRNA
expression in archival plasma samples.

Plasma samples used in this study belong to the human plasma
collection of the Fenretinide Breast Cancer Prevention Trial [9,10]
and RNA was extracted from 350 pl (Materials and methods are
detailed in the Supplementary material) [7]. According to recent
reports by Kirschner et al. [11] and McDonald et al. [12], we ob-
served that the low RNA yield in plasma hampered exact RNA
quantification, and did not allow reliable absorbance at 260 nm
measured with a NanoDrop spectrophotometer (data not shown).
Moreover, Wang et al. recently found no correlation between
RNA concentration and the number of circulating miRNAs de-
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tected, speculating that using similar amounts of RNA is not a use-
ful method for quantifying miRNAs [13]. Consequently, we decided
to perform chip hybridizations using an equal volume of each sam-
ple, also taking into account that the total amount of plasma/serum
RNA could be affected by pathological conditions [11].

A total of 11 archived plasma samples collected between 1988
and 1999 were evaluated in this study. First, to assess intra- and
inter-array reproducibility RNA extracted from two samples (S1
and S2, collected in 1999 and 1994, respectively) was hybridized
in triplicate. To reduce the potential technical limitation repre-
sented by the low miRNA amount in plasma, the samples were also
hybridized in triplicate after increasing the starting material vol-
ume from 2 to 2.5 pl, replacing optional spike-ins (i.e., Drosophila
miRNAs). Although spike-ins could help in assessing the labeling
and hybridization efficiencies, they could not be used in the nor-
malization process of plasma miRNA expression (see Supplemen-
tary methods for details). All replicates of each sample were
hybridized on the same chip. Median intra-array coefficients of
variation were low in all replicates (median = 5.5%, range 4.9-
7.6%) (Fig. 1A) and were in agreement with literature data on tissue
samples [14], thus indicating a high precision of the technique in
this setting. Moreover, despite the long-term storage of the plasma
samples, the array results showed that more than 100 miRNAs
were detected and correlations between technical replicates were
higher than 0.99 even before normalization (Fig. 1B and C). The in-
crease of the volume of labeled RNA enabled an increase in the
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number of detected miRNAs: 12% and 13%, on average, in samples
S1 and S2, respectively (Fig. 1B). The gain in miRNA detection was
lower than the increase in the input volume (25%) but we can as-
sume that a linear relationship between the input RNA and the
number of detected miRNAs is not expected, as the number of
annotated miRNA is limited and not all of them are likely to be sig-
nificantly present in plasma samples.

To test the interbatch variability, which represents an impor-
tant issue during biomarker development, as training and valida-
tion tests are usually carried out on different microarray batches,
RNA obtained from 9 additional plasma samples (collected be-
tween 1988 and 1998) was processed and hybridized on two dif-
ferent batches of arrays. Correlation between replicates in the
two batches, named A and B, was 0.89 (range 0.80-0.95), and the
miRNA detection rates were similar (R=0.91) (Fig. 2A). A good
agreement in detected and not detected individual miRNAs was
observed between A and B hybridizations (Cohen’s K coefficient
median = 0.71, range =0.61-0.77). As expected, the agreement
was prominently observed for miRNAs with the highest signal lev-
els, while for miRNA close to background intensities the detection
was weakly reproducible (Fig. 2B). As a consequence, a filtering
step in the processing of such data could be advantageous. For
example, only miRNAs detected in at least 50% of samples and/or
those with an average expression higher than an empirically estab-
lished cutoff could be selected for further analysis. Moreover, the
results revealed that good detection rates can also be obtained
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Fig.1. Intra- and inter-array reproducibility. Hybridizations of two samples (S1, S2) performed after labeling of 2 or 2.5 pl of total RNA. (A) Intra-array coefficients of variation
(CV) across replicated spots on each array were computed for the unprocessed intensities of 3101 probes targeting human miRNAs. The y axis was truncated at 50% for clarity
of presentation, excluding some extreme outliers. (B) miRNAs detected in at least one replicate of samples S1 and S2. Detected miRNAs are in blue and undetected in gray. (C)

Pearson correlation among technical replicates for samples S1 and S2.
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Fig.2. Effect of array batch and GC content on miRNA detection. (A) Nine samples
were hybridized using different batches (A and B). Pairwise correlations for the
number of detected miRNAs were calculated and R value is reported. (B) miRNAs
detected in at least one replicate of the 9 samples hybridized as in (A) were plotted
according to average miRNA intensity levels. Detected miRNAs are in blue and
undetected in gray. (C) Box plot of the GC content as a function of the number of
samples in which each probe is detected (ranging from 0, for probes detected in any
sample, to 9, for probes detected in all samples). A significant difference in GC
content between never detected and always detected probes was found
(P=3.7 x 10733),

from samples older than 20 years, supporting the possibility of
using archival plasma samples for retrospective studies. In addi-
tion, we noted that the number of samples in which each probe
was detected depends on its GC content: miRNAs detected in all
9 samples showed a median GC content greater than 60%
(Fig. 2C). This could be attributed to technical issues related to
the hybridization process, as we and others described for tissue
miRNA profiling [8]. However, we cannot exclude that miRNA sta-
bility in circulation might be affected by their GC content; further
investigations are needed in this regard.

Noteworthy, signal levels from plasma samples were far lower
than those from tissue/cell samples; thus, each source of technical
variability resulting in an increment of background levels could
negatively impact measurement of circulating miRNAs expression.
Since a potential increase in background signals could be due to the
length of array storage (the used chips had a lifetime of 6 months),
we tested whether the use of slides close to their expiration date
could affect the hybridization results. To this aim, two samples
(S3 and S4) were rehybridized on an array of the same batch of
the hybridization A (performed within the first month from the
chip delivery), but just 1 week before the nominal expiration date
(named hybridization C). We found a clear drop in the number of
detected miRNAs in parallel with an increase in fluorescence and
signal-to-noise ratio of negative controls (Fig. S1).

In conclusion, our data obtained using the Agilent’s SurePrint
G3 Human v16 miRNA microarrays showed: (1) a satisfactory in-
tra- and inter-array reproducibility; (2) an increased number of de-
tected miRNAs by increasing the input material; (3) a good
correlation between different batches. However, we cannot rule
out the possibility that a batch effect could potentially affect the
evaluation of circulating miRNA biomarkers in large clinical stud-
ies. Moreover, the use of chips as far as possible from their expira-
tion date seems to be critical. This study shows the feasibility of
using archival plasma samples for miRNA profiling with high-

throughput microarray-based strategies, even if they have been
stored for an extended period of time and the amount of available
samples is limited.
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Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ab.2013.03.002.

References

[1] L.P. Lim, N.C. Lau, P. Garrett-Engele, A. Grimson, .M. Schelter, ]. Castle, D.P.
Bartel, P.S. Linsley, .M. Johnson, Microarray analysis shows that some
microRNAs downregulate large numbers of target mRNAs, Nature 17 (2005)
769-773.

[2] T.Y. Ha, MicroRNAs in human diseases: from cancer to cardiovascular disease,
Immune Netw. 11 (2011) 135-154.

[3] M.A. Cortez, G.A. Calin, MicroRNA identification in plasma and serum: a new
tool to diagnose and monitor diseases, Expert Opin. Biol. Ther. 9 (2009) 703-
711.

[4] E.K. Ng, W.W. Chong, H. Jin, EK. Lam, V.Y. Shin, ]. Yu, T.C. Poon, S.S. Ng, ].J. Sung,

Differential expression of microRNAs in plasma of patients with colorectal

cancer: a potential marker for colorectal cancer screening, Gut 58 (2009)

1375-1381.

P.S. Mitchell, RK. Parkin, E.M. Kroh, B.R. Fritz, S.K. Wyman, E.L. Pogosova-

Agadjanyan, A. Peterson, J. Noteboom, K.C. O'Briant, A. Allen, D.W. Lin, N.

Urban, C.W. Drescher, B.S. Knudsen, D.L. Stirewalt, R. Gentleman, R.L. Vessella,

P.S. Nelson, D.B. Martin, M. Tewari, Circulating microRNAs as stable blood-

based markers for cancer detection, Proc. Natl. Acad. Sci. USA 105 (2008)

10513-10518.

X. Chen, Y. Ba, L. Ma, X. Cai, Y. Yin, K. Wang, ]. Guo, Y. Zhang, ]. Chen, X. Guo, Q.

Li, X. Li, W. Wang, J. Wang, X. Jiang, Y. Xiang, C. Xu, P. Zheng, ]. Zhang, R. Li, H.

Zhang, X. Shang, T. Gong, G. Ning, K. Zen, C.Y. Zhang, Characterization of

microRNAs in serum: a novel class of biomarkers for diagnosis of cancer and

other diseases, Cell Res. 10 (2008) 997-1006.

P. Tiberio, L. De Cecco, M. Callari, E. Cavadini, M.G. Daidone, V. Appierto, D.M.

Duelli, J. Palma, K. Beaman, M.L. Hastings, ]. Kwak-Kim, S. Linnstaedt, ]. Cheol

Park, D. Kim, MicroRNA detection in plasma samples: how to treat heparinized

plasma, J. Mol. Diagn. 15 (2013) 138-139.

M. Callari, M. Dugo, V. Musella, E. Marchesi, G. Chiorino, M.M. Grand, M.A.

Pierotti, M.G. Daidone, S. Canevari, L. De Cecco, Comparison of microarray

platforms for measuring differential microRNA expression in paired normal/

cancer colon tissues, PLoS One 7 (2012) e45105.

U. Veronesi, G. De Palo, E. Marubini, A. Costa, F. Formelli, L. Mariani, A. Decensi,

T. Camerini, M.R. Del Turco, M.G. Di Mauro, M.G. Muraca, M. Del Vecchio, C.

Pinto, G. D’Aiuto, C. Boni, T. Campa, A. Magni, R. Miceli, M. Perloff, W.F. Malone,

M.B. Sporn, Randomized trial of fenretinide to prevent second breast

malignancy in women with early breast cancer, J. Natl. Cancer Inst. 91

(1999) 1847-1856.

[10] U. Veronesi, L. Mariani, A. Decensi, F. Formelli, T. Camerini, R. Miceli, M.G. Di
Mauro, A. Costa, E. Marubini, M.B. Sporn, G. De Palo, Fifteen-year results of a
randomized phase III trial of fenretinide to prevent second breast cancer, Ann.
Oncol. 17 (2006) 1065-1071.

[11] M.B. Kirschner, S.C. Kao, ]J.J. Edelman, N.J. Armstrong, M.P. Vallely, N. van
Zandwijk, G. Reid, Haemolysis during sample preparation alters microRNA
content of plasma, PLoS One 6 (2011) e24145.

[12] J.S. McDonald, D. Milosevic, H.V. Reddi, S.K. Grebe, A. Algeciras-Schimnich,
Analysis of circulating microRNA: preanalytical and analytical challenges, Clin.
Chem. 57 (2011) 833-840.

[13] K. Wang, Y. Yuan, J.H. Cho, S. McClarty, D. Baxter, D.J. Galas, Comparing the
microRNA spectrum between serum and plasma, PLoS One 7 (2012) e41561.

[14] A. Git, H. Dvinge, M. Salmon-Divon, M. Osborne, C. Kutter, ]. Hadfield, P.
Bertone, C. Caldas, Systematic comparison of microarray profiling, real-time
PCR, and next-generation sequencing technologies for measuring differential
microRNA expression, RNA 16 (2010) 991-1006.

[5

[6

(7

(8

[9


http://dx.doi.org/10.1016/j.ab.2013.03.002

	Feasibility of circulating miRNA microarray analysis from archival plasma samples
	Acknowledgments
	Appendix A Supplementary material
	References


