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The major advances made over the past few years in molecular and cell biology are providing a
progressively more detailed understanding of the molecular pathways that control normal processes
and become dysregulated in disease [1]. This has resulted in the documentation of numerous genetic,
epigenetic, transcriptomic, proteomic and metabolomic biomarkers that promise earlier disease
detection, more accurate patient stratification and better prognosis [2—5]. Furthermore, molecular
fingerprinting of diseases can be predictive of drug response and so assist with specific targeting of
drugs against disease-associated molecules and function [6].

This, together with the continuous appearance of new technologies, is leading to the introduction of
new tools and emergent applications for molecular diagnostics (MDx), usually defined as the detection
of changes associated with certain states of health or disease using molecular methods [7]. MDx has
the potential to transform modern health care by combining speed and accuracy with low cost to
improve health outcomes for individual patients as well as reducing expenditure by health care
providers. However, it is also important to consider the implications of the often-unexpected
complexity and heterogeneity of diseases that have become apparent as a result of their molecular
dissections [2,8].

MDx has become more than just analysis of genetic content for disease information, and makes use
of a range of techniques including isothermal amplification methods [9], nucleic acid sequencing [10],
high resolution melt analysis [11], DNA microarrays [12], tissue arrays [13], mass spectrometry [14],
nanoparticles [15] and fluorescence in situ hybridisation [16]. Perhaps the most ubiquitous molecular
technique is the real-time quantitative polymerase chain reaction (QPCR) [17], which can detect DNA,
RNA (reverse transcription (RT)-qPCR) and proteins (proximity ligation/extension assay). Together,
these methods address three distinct categories of clinical questions:
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e Pathogen detection, for example by screening for pathogen-specific nucleic acids, proteins or
metabolites. One of the strengths of molecular diagnostic techniques is their capacity to vary
their specificity from the detection of a single strain (e.g., Escherichia coli O157:H7) to that of
a species (e.g., Aspergillus).

e Expression profiling, which aims to detect disease-associated changes to coding and
non-coding cellular RNA and which is beginning to include the analysis of protein-based
markers [18].

e  Genetic testing, which generally refers to screening for host-derived, epigenetically or genetically
altered DNA [19].

These questions are addressed in the context of many clinical application areas. Arguably at the
forefront are infectious diseases, where MDx has become part of the routine workload in most clinical
laboratories [20] and is having a major impact on clinical decision-making [21]. Sepsis, for example, is
among the most common causes of death in hospitals and MDx promises to transform sepsis from a
physiologic syndrome into a group of distinct biochemical disorders, thus helping in the development
of better diagnostic tools and effective adjunctive sepsis therapies [22]. Several molecular detection
techniques are in use for the reliable identification of a targeted pathogen, with qPCR today’s “gold”
standard of diagnosis [23].

Oncological applications are also on the increase [24], based on the discovery of differential mRNA
and miRNA expression patterns, cell surface proteins and other molecular attributes associated with
cancers. They are closely linked to pharmacogenomics uses [25], which aim to correlate the influence
of genetic variation with drug response and so develop drugs that target molecular pathways
implicated in diseased cells without affecting normal cells. These novel tests may help realise the most
anticipated development from MDx: personalised medicine, which optimises patient outcomes and
healthcare use by utilising an individual’s genetic makeup to tailor an individual treatment plan that is
administered at the right time and at the right dose. Examples include breast cancers that overexpress
HER?2 [26], colorectal cancers that are mutated in the BRAF gene [27], chronic myeloid leukaemias
that do not respond to the tyrosine kinase inhibitor imatinib [28] and gastrointestinal stromal tumours
with selective c-kit oncogene activating mutations [29].

Third, MDx are becoming of increasing importance for the screening of genetic alterations [30],
an application whose importance can only increase and is certain to influence the management of
diseases [31].

The IJMS has developed a reputation for the quality of its contributions and proposes to develop an
enhanced focus on this rapidly expanding area of molecular science. We encourage the submission of
high quality reviews, research articles and short communications that place special emphasis on the
translation of research discoveries into practice, describe novel or improved technologies and their
applications, and are characterised by an emphasis on transparency of reporting. This includes
manuscripts discussing new bioinformatic concepts and programs that advance our understanding of
the link between molecular data and physiology or pathophysiology.

A major problem with many peer-reviewed publications is that they propagate conclusions that
cannot be reproduced elsewhere, and so contribute to the challenge of distinguishing biologically valid
conclusions from those that are based on technical errors, analytical inaccuracies or interpretative
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misinterpretations [32]. An important reason for this is the reluctance of many journals to provide
sufficient space for the publication of detailed experimental protocols, denying readers an opportunity
to assess the reliability and validity of the experimental approach and protocol details.

One area of particular concern has been the quantification of nucleic acids by qPCR, whose
superficial simplicity, sensitivity and specificity make it the most widely used method for MDx
applications. Those attributes are gainsaid by their actual complexity and inconsistency, which in
practice means that the biological relevance of many published qPCR-based results is open to
question, with reported differences caused by technical, rather than actual, variability [32]. There has
been an extensive effort over the last twelve years to make researchers aware of the pitfalls of this
technology [33-43], culminating in the publication of guidelines for the minimum information for the
publication of qPCR (MIQE) [44] and digital PCR (dPCR, dMIQE) [45] experiments. These
guidelines aim to enable authors to design and report qPCR experiments that have greater inherent
value, allow reviewers and editors to measure the technical quality of submitted manuscripts against an
established yardstick and facilitate easier replication of experiments described in published studies that
follow these guidelines. They have become widely accepted, with more than 1600 citations in the
peer-reviewed literature, and have paved the way for the recent editorial announcement in Nature and
the Nature research journals, which admit their failure to exert sufficient scrutiny over the results that
they publish and acknowledge that they have not published enough information for other researchers to
assess results properly [46]. There have been editorials in BioMedCentral (BMC) Molecular
Biology [47] and the Veterinary Journal [48] promoting the idea of the submission of comprehensive
experimental protocols, with Nucleic Acids Research, Peer J, Molecular Medicine, European Urology,
The Journal of Clinical Microbiology, The Journal of Molecular Medicine as well as Reproduction
and Fertility and Development recommending and Clinical Chemistry requiring adherence to the
essential MIQE parameters. Other techniques used in MDx, including microarrays [49] and mass
spectrometry [50], suffer from similar challenges that are quite familiar to experts but less obvious to
the general reviewer or reader of a publication.

Consequently, the editorial team reviewing and accepting publications in the IIMS will implement
measures that safeguard the transparency and quality of any publication appearing in this journal. This
means that there will be emphasis on the publication of comprehensive technical detail sufficient to
allow the interested reader to reproduce accurately any experimental protocols. For nucleic acid-based
techniques, there will be particular emphasis on quality assessment—critical especially for methods
targeting RNA [51]—assay design and efficiency and normalisation procedures. Ideally, this information
will be published in the form of a supplementary file that will include the following information:

e Nucleic acid purity: absence of inhibitors that can interfere with the reverse transcription, PCR
or hybridisation stages of assays. This is easily established by using a nucleic acid spike, e.g.,
the SPUD assay [52], or a 10-fold dilution test to check for inhibition.

e RNA integrity: established by means of a microfluidic analysis of the RNA [53] or a 3":5'
assessment of target or reference RNAs [54].

e Assay design/PCR efficiency: primers and probes used for PCR reactions should be published
with individual papers and not just be referenced, since the referenced publication is frequently
not on open access, making it more difficult than necessary to identify the details of the assays
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used. It is also essential to publish information about the efficiency of the PCR assay, as this
provides useful information about the robustness and sensitivity of the assay in question.

e Normalisation: this should be against validated reference genes [55] appropriate for the
fold-differential expression claimed for mRNAs [56] as well as for miRNAs [57,58].

These criteria are especially aimed at publications utilising RT-qPCR and qPCR-based results, since
they form the vast majority of all reported MDx data. However, there is an obvious need to provide
protocols of similar transparency and completeness for other techniques; for example, evidence should
be provided for absence of amplification bias when pre-amplifying limited sample material, and
evidence of appropriate verification is required for the new high-throughput RNA Seq or small-RNA
Seq data. For microarray data there will need to be some indication of the accuracy, precision and
specificity of the data presented for publication [59], ideally with corroboration by an alternative
method such as RT-qPCR. For mass spectrometry there will need to be evidence for satisfactory peak
shape, mass resolution and calibration as well as a noise-free background spectrum.

All of the information requested will become available during the course of an appropriately
conducted experiment; hence it does not constitute an additional workload. Sharing those basic data
will ensure that the journal publishes results and conclusions whose underlying technical fitness is
beyond doubt, allowing readers to focus on the biological and clinical relevance of the results.
Ultimately, this approach will enhance the reputation of both journals and publications, which is in all
our interest.

References

1. Chan, S.Y.; Loscalzo, J. The emerging paradigm of network medicine in the study of human
disease. Circ. Res. 2012, 111, 359-374.

2. Katsanis, S.H.; Katsanis, N. Molecular genetic testing and the future of clinical genomics.
Nat. Rev. Genet. 2013, 14, 415-426.

3. La Thangue, N.B.; Kerr, D.J. Predictive biomarkers: A paradigm shift towards personalized
cancer medicine. Nat. Rev. Clin. Oncol. 2011, 8, 587-596.

4. Muldrew, K.L. Molecular diagnostics of infectious diseases. Curr. Opin. Pediatr. 2009, 21,
102-111.

5. Dong, J.; Olano, J.P.; McBride, J.W.; Walker, D.H. Emerging pathogens: Challenges and
successes of molecular diagnostics. J. Mol. Diagn. 2008, 10, 185-197.

6. Deschoolmeester, V.; Baay, M.; Specenier, P.; Lardon, F.; Vermorken, J.B. A review of the most
promising biomarkers in colorectal cancer: One step closer to targeted therapy. Oncologist 2010,
15,699-731.

7. Chehab, F.F. Molecular diagnostics: Past, present, and future. Hum. Mutat. 1993, 2, 331-337.

8. Simon, R. Clinical trial designs for evaluating the medical utility of prognostic and predictive
biomarkers in oncology. Per. Med. 2010, 7, 33-47.

9. Bustin, S.A.; Murphy, J.; Kessler, H.H. Amplification and Detection Methods. In Molecular
Diagnostics of Infectious Diseases; Kessler, H.H., Ed.; De Gruyter: Berlin, Germany, 2012;
pp. 53-68.



Int. J. Mol. Sci. 2013, 14 15882

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Su, Z.; Ning, B.; Fang, H.; Hong, H.; Perkins, R.; Tong, W.; Shi, L. Next-generation sequencing
and its applications in molecular diagnostics. Expert Rev. Mol. Diagn. 2011, 11, 333-343.
Heideman, D.A.; Lurkin, I.; Doeleman, M.; Smit, E.F.; Verheul, H.M.; Meijer, G.A.;
Snijders, P.J.; Thunnissen, E.; Zwarthoff, E.C. KRAS and BRAF mutation analysis in routine
molecular diagnostics: Comparison of three testing methods on formalin-fixed,
paraffin-embedded tumor-derived DNA. J. Mol. Diagn. 2012, 14, 247-255.

Jordan, B.R. Is there a niche for DNA microarrays in molecular diagnostics? Expert Rev.
Mol. Diagn. 2010, 10, 875-882.

Mohapatra, G.; Betensky, R.A.; Miller, E.R.; Carey, B.; Gaumont, L.D.; Engler, D.A;
Louis, D.N. Glioma test array for use with formalin-fixed, paraffin-embedded tissue: Array
comparative genomic hybridization correlates with loss of heterozygosity and fluorescence in situ
hybridization. J. Mol. Diagn. 2006, 8, 268-276.

Ganova-Raeva, L.M.; Khudyakov, Y.E. Application of mass spectrometry to molecular
diagnostics of viral infections. Expert Rev. Mol. Diagn. 2013, 13, 377-388.

Leigh, S.Y.; Som, M.; Liu, J.T. Method for assessing the reliability of molecular diagnostics
based on multiplexed SERS-coded nanoparticles. PLoS One 2013, 8, €62084.

Horbinski, C.; Miller, C.R.; Perry, A. Gone FISHing: Clinical lessons learned in brain tumor
molecular diagnostics over the last decade. Brain Pathol. 2011, 21, 57-73.

Bustin, S.A.; Mueller, R. Real-time reverse transcription PCR (qQRT-PCR) and its potential use in
clinical diagnosis. Clin. Sci. (Lond.) 2005, 109, 365-379.

Savaryn, J.P.; Catherman, A.D.; Thomas, P.M.; Abecassis, M.M.; Kelleher, N.L. The emergence
of top-down proteomics in clinical research. Genome Med. 2013, 5, 53.

Baudhuin, L.M.; Donato, L.J.; Uphoff, T.S. How novel molecular diagnostic technologies and
biomarkers are revolutionizing genetic testing and patient care. Expert Rev. Mol. Diagn. 2012, 12,
25-37.

Josko, D. Molecular virology in the clinical laboratory. Clin. Lab. Sci. 2010, 23, 231-236.
Afshari, A.; Pagani, L.; Harbarth, S. Year in review 2011: Critical care—Infection. Crit. Care
2012, 16, 242.

Reinhart, K.; Bauer, M.; Riedemann, N.C.; Hartog, C.S. New approaches to sepsis: Molecular
diagnostics and biomarkers. Clin. Microbiol. Rev. 2012, 25, 609—634.

Krishna, N.K.; Cunnion, K.M. Role of molecular diagnostics in the management of infectious
disease emergencies. Med. Clin. North Am. 2012, 96, 1067-1078.

Normanno, N.; Rachiglio, A.M.; Roma, C.; Fenizia, F.; Esposito, C.; Pasquale, R.;
La Porta, M.L.; lannaccone, A.; Micheli, F.; Santangelo, M.; et al. Molecular diagnostics and
personalized medicine in oncology: Challenges and opportunities. J. Cell. Biochem. 2013, 114,
514-524.

Desiere, F.; Romano Spica, V. Personalised medicine in 2012: Editorial to the special issue of
New Biotechnology on “molecular diagnostics & personalised medicine”. New Biotechnol. 2012,
29,611-612.

Petak, 1.; Schwab, R.; Orfi, L.; Kopper, L.; Keri, G. Integrating molecular diagnostics into
anticancer drug discovery. Nat. Rev. Drug Discov. 2010, 9, 523-535.



Int. J. Mol. Sci. 2013, 14 15883

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Bedeir, A.; Krasinskas, A.M. Molecular diagnostics of colorectal cancer. Arch. Pathol. Lab. Med.
2011, 735, 578-587.

Heaney, N.B.; Holyoake, T.L. Therapeutic targets in chronic myeloid leukaemia. Hematol. Oncol.
2007, 25, 66-75.

Ashman, L.K.; Griffith, R. Therapeutic targeting of c-KIT in cancer. Expert Opin. Investig. Drugs
2013, 22, 103-115.

Radvansky, J.; Ficek, A.; Kadasi, L. Upgrading molecular diagnostics of myotonic dystrophies:
Multiplexing for simultaneous characterization of the DMPK and ZNF9 repeat motifs. Mol. Cell.
Probes 2011, 25, 182-185.

Dai, R.; Ahmed, S.A. MicroRNA, a new paradigm for understanding immunoregulation,
inflammation, and autoimmune diseases. Transl. Res. 2011, 157, 163—179.

Bustin, S.A. Why the need for qPCR publication guidelines?—The case for MIQE. Methods
2010, 50, 217-226.

Bustin, S.A. Real-time polymerase chain reaction—Towards a more reliable, accurate and
relevant assay. Eur. Pharmeceutical Rev. 2008, 6, 19-27.

Bustin, S. Molecular medicine, gene-expression profiling and molecular diagnostics: Putting the
cart before the horse. Biomark. Med. 2008, 2, 201-207.

Murphy, J.; Dorudi, S.; Bustin, S.A. Molecular staging of colorectal cancer: New paradigm or
waste of time? Expert Opin. Med. Diagn. 2007, 1, 31-45.

Bustin, S.A. Nucleic acid quantification and disease outcome prediction in colorectal cancer.
Pers. Med. 2006, 3, 207-216.

Bustin, S.A. Real-time, fluorescence-based quantitative PCR: A snapshot of current procedures
and preferences. Expert Rev. Mol. Diagn. 2005, 5, 493—498.

Bustin, S.A.; Benes, V.; Nolan, T.; Pfaffl, M.W. Quantitative real-time RT-PCR—A perspective.
J. Mol. Endocrinol. 2005, 34, 597-601.

Bustin, S.A.; Nolan, T. Pitfalls of quantitative real-time reverse-transcription polymerase chain
reaction. J. Biomol. Tech. 2004, 15, 155-166.

Bustin, S.A. Meaningful Quantification of mRNA Using Real-time PCR. In PCR Technology
Current Innovations; Griffin, TW.H.G.G.A., Ed.; CRC Press: Boca Raton, FL, USA, 2004;
pp. 225-233.

Bustin, S.A.; Nolan, T. Basic RT-PCR Considerations. In A-Z of Quantitative PCR;
Bustin, S.A., Ed.; IUL Press: La Jolla, CA, USA, 2004; pp. 359-396.

Bustin, S.A. Quantification of mRNA using real-time reverse transcription PCR (RT-PCR):
Trends and problems. J. Mol. Endocrinol. 2002, 29, 23-39.

Bustin, S.A. Absolute quantification of mRNA using real-time reverse transcription polymerase
chain reaction assays. J. Mol. Endocrinol. 2000, 25, 169—193.

Bustin, S.A.; Benes, V.; Garson, J.A.; Hellemans, J.; Huggett, J.; Kubista, M.; Mueller, R.;
Nolan, T.; Pfaffl, M.W.; Shipley, G.L.; et al. The MIQE guidelines: Minimum information for
publication of quantitative real-time PCR experiments. Clin. Chem. 2009, 55, 611-622.

Huggett, J.F.; Foy, C.A.; Benes, V.; Emslie, K.; Garson, J.A.; Haynes, R.; Hellemans, J.;
Kubista, M.; Mueller, R.D.; Nolan, T.; et al. The digital MIQE guidelines: Minimum information
for publication of quantitative digital PCR experiments. Clin. Chem. 2013, 59, 892-902.



Int. J. Mol. Sci. 2013, 14 15884

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

38.

59.

Anonymous Announcement: Reducing our irreproducibility. Nature 2013, 496, 398.

Bustin, S.A.; Beaulieu, J.F.; Huggett, J.; Jaggi, R.; Kibenge, F.S.; Olsvik, P.A.; Penning, L.C.;
Toegel, S. MIQE precis: Practical implementation of minimum standard guidelines for
fluorescence-based quantitative real-time PCR experiments. BMC Mol. Biol. 2010, 11, 74.

Bustin, S.; Penning, L.C. Improving the analysis of quantitative PCR data in veterinary research.
Vet. J. 2012, 191, 279-281.

Chagovetz, A.; Blair, S. Real-time DNA microarrays: Reality check. Biochem. Soc. Trans. 2009,
37,471-475.

Paul, D.; Kumar, A.; Gajbhiye, A.; Santra, M.K.; Srikanth, R. Mass spectrometry-based
proteomics in molecular diagnostics: Discovery of cancer biomarkers using tissue culture.
Biomed. Res. Int. 2013, 2013, 783131.

Fleige, S.; Pfaffl, M.W. RNA integrity and the effect on the real-time qRT-PCR performance.
Mol. Asp. Med. 2006, 27, 126—139.

Nolan, T.; Hands, R.E.; Ogunkolade, B.W.; Bustin, S.A. SPUD: A qPCR assay for the detection
of inhibitors in nucleic acid preparations. Anal. Biochem. 2006, 351, 308-310.

Schroeder, A.; Mueller, O.; Stocker, S.; Salowsky, R.; Leiber, M.; Gassmann, M.; Lightfoot, S.;
Menzel, W.; Granzow, M.; Ragg, T. The RIN: An RNA integrity number for assigning integrity
values to RNA measurements. BMC Mol. Biol. 2006, 7, 3.

Nolan, T.; Hands, R.E.; Bustin, S.A. Quantification of mRNA using real-time RT-PCR.
Nat. Protoc. 2006, 1, 1559-1582.

Huggett, J.; Dheda, K.; Bustin, S.; Zumla, A. Real-time RT-PCR normalisation; strategies and
considerations. Genes Immun. 2005, 6, 279-284.

Vandesompele, J.; de Preter, K.; Pattyn, F.; Poppe, B.; van Roy, N.; de Paepe, A.; Speleman, F.
Accurate normalization of real-time quantitative RT-PCR data by geometric averaging of multiple
internal control genes. Genome Biol. 2002, 3, 0034:1-0034:11.

Peltier, H.J.; Latham, G.J. Normalization of microRNA expression levels in quantitative RT-PCR
assays: Identification of suitable reference RNA targets in normal and cancerous human solid
tissues. RNA 2008, /4, 844-852.

Chang, K.H.; Mestdagh, P.; Vandesompele, J.; Kerin, M.J.; Miller, N. MicroRNA expression
profiling to identify and validate reference genes for relative quantification in colorectal cancer.
BMC Cancer 2010, 10, 173.

Draghici, S.; Khatri, P.; Eklund, A.C.; Szallasi, Z. Reliability and reproducibility issues in DNA
microarray measurements. Trends Genet. 2006, 22, 101-109.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



