
Need for Rigor in Design, Reporting, and Interpretation of
Transcriptomic Biomarker Studies

We agree with Fu et al. that microRNAs (miRNA) likely reg-
ulate the human immune response to Mycobacterium tuber-

culosis (5). However, we are troubled by aspects of the design,
reporting, and interpretation of that study.

First, RNA samples from individual subjects were pooled to
create a single TB sample and a single control sample. Repeated
microarrays of these two pooled samples represented technical
rather than biological replicates. Within-group variability is
therefore due to an artifact(s) introduced during labeling and hy-
bridization rather than a measure of underlying biological vari-
ability. The resulting statistics are not a valid measure of between-
group differences (3).

Second, the authors made no adjustment for multiple compar-
isons. At a P value of 0.05, we can expect 5% or 61 of the 1,224
miRNAs detected to be statistically significant by chance alone,
suggesting that 66% of the 92 miRNAs identified would be false
discoveries (1). We are unable to validate or replicate the analysis
because the authors did not provide access to the microarray data
set in a public database.

Third, in real-time PCR experiments, the authors normalized
miRNA expression to U6 splicesomal RNA. The use of this con-
troversial control should be fully justified by the authors. As Ex-
iqon and others caution (4, 9), U6 should not be used for normal-
ization, as this nuclear molecule is absent in serum unless cell lysis
has occurred. Could there have been differential cell lysis among
the sick (suffering from tuberculosis [TB]) and well (control) sub-
jects? It is essential that studies examining circulating miRNA
evaluate this possibility, because hemolysis may alter miRNA lev-
els up to 50-fold (11).

Finally, the authors’ choice to enroll healthy uninfected adults
as the control group fundamentally limits the conclusions that
may be drawn from this study. Pulmonary TB is a life-threatening
infection generally accompanied by extensive tissue destruction
and a systemic inflammatory state causing fever and weight loss
(8). These drastic physiological changes undoubtedly alter the se-
rum miRNA expression profile of patients with active TB in com-
parison to that of healthy adults.

As Berry et al. note in their analysis of blood mRNA expression,
the critical question is whether the variation in expression repre-
sents host responses specific to TB or nonspecific expression such
as is observed in a variety of illnesses (2). For example, hsa-miR-
29a, the miRNA the authors describe as having “great potential to
serve as a marker for active pulmonary tuberculosis infection,” is
also reported to be a potential biomarker for biliary atresia (6),
colorectal liver metastasis (12), clear cell renal cancer (7), breast
cancer (13), and irritable bowel syndrome (14), among other con-
ditions. We are concerned that Fu et al. identified a circulating

miRNA profile associated with systemic disease rather than TB. A
TB-specific biomarker must distinguish TB from clinical mimics
such as bacterial pneumonia, cancer, and sarcoidosis (10).

High-throughput biological assays have tremendous potential
to advance our knowledge of host-pathogen interactions and
identify clinically useful biomarkers. However, to advance the
field, it is essential that investigators report data in a manner that
ensures analyses can be repeated and confirmed. Biomarker
discovery must include a clinically relevant control group in
order to identify transcriptional changes specific to the condi-
tion of interest.

REFERENCES
1. Benjamini Y, Hochberg Y. 1995. Controlling the false discovery rate: a

practical and powerful approach to multiple testing. J. R. Stat. Soc. Series
B Stat. Methodol. 57:289 –300.

2. Berry MPR, et al. 2010. An interferon-inducible neutrophil-driven blood
transcriptional signature in human tuberculosis. Nature 466:973–977.

3. Churchill GA. 2002. Fundamentals of experimental design for cDNA
microarrays. Nat. Genet. 32(Suppl):490 – 495.

4. Exiqon. 2011. Profiling of microRNA in blood serum/plasma: guidelines for
the miRCURY LNA Universal RT microRNA PCR System, V2.0. Exiqon,
Vedbaek, Denmark. http://www.exiqon.com/ls/Documents/Scientific
/microRNA-serum-plasma-guidelines.pdf. Accessed 21 December 2011.

5. Fu Y, Yi Z, Wu X, Li J, Xu F. 2011. Circulating MicroRNAs in patients
with active pulmonary tuberculosis. J. Clin. Microbiol. 49:4246 – 4251.

6. Hand NJ, et al. 2012. MicroRNA profiling identifies miR-29 as a regulator
of disease-associated pathways in experimental biliary atresia. J. Pediatr.
Gastroenterol. Nutr. 54:186 –192.

7. Heinzelmann J, et al. 2011. Specific miRNA signatures are associated with
metastasis and poor prognosis in clear cell renal cell carcinoma. World J.
Urol. 29:367–373.

8. Iseman MD. 2000. A clinician’s guide to tuberculosis. Lippincott Wil-
liams and Wilkins, Philadelphia, PA.

9. Kroh EM, Parkin RK, Mitchell PS, Tewari M. 2010. Analysis of circu-
lating microRNA biomarkers in plasma and serum using quantitative re-
verse transcription-PCR (qRT-PCR). Methods 50:298 –301.

10. Nahid P, et al. 2011. Tuberculosis biomarker and surrogate endpoint
research roadmap. Am. J. Respir. Crit. Care Med. 184:972–979.

11. Pritchard CC, et al. 12 December 2011, posting date. Blood cell origin of
circulating microRNAs: a cautionary note for cancer biomarker studies.
Cancer Prev. Res. [Epub ahead of print.]

12. Wang LG, Gu J. 21 October 2011, posting date. Serum microRNA-29a is
a promising novel marker for early detection of colorectal liver metastasis.
Cancer Epidemiol. [Epub ahead of print.]

Address correspondence to N. D. Walter, nicholas.walter@ucdenver.edu.

For the author reply, see doi:10.1128/jcm.06845-11.

Copyright © 2012, American Society for Microbiology. All Rights Reserved.

doi:10.1128/jcm.06775-11

LETTER TO THE EDITOR

4190 jcm.asm.org Journal of Clinical Microbiology p. 4190–4191 December 2012 Volume 50 Number 12

http://www.exiqon.com/ls/Documents/Scientific/microRNA-serum-plasma-guidelines.pdf.
http://www.exiqon.com/ls/Documents/Scientific/microRNA-serum-plasma-guidelines.pdf.
http://dx.doi.org/10.1128/jcm.06845-11
http://dx.doi.org/10.1128/jcm.06775-11
http://jcm.asm.org


13. Wu Q, et al. 26 May 2011, posting date. Next-generation sequencing of
microRNAs for breast cancer detection. J. Biomed. Biotechnol. [Epub
ahead of print.]

14. Zhou Q, Souba WW, Croce CM, Verne GN. 2010. MicroRNA-29a
regulates intestinal membrane permeability in patients with irritable
bowel syndrome. Gut 59:775–784.

N. D. Walter
Division of Pulmonary Sciences and Critical Care Medicine
University of Colorado Denver
Denver, Colorado, USA

L. Bemis
Division of Medical Oncology
University of Colorado Denver
Denver, Colorado, USA

M. Edwards
Division of Pulmonary Sciences and Critical Care Medicine
University of Colorado Denver
Denver, Colorado, USA

A. R. Ovrutsky
National Jewish Health
Denver, Colorado, USA

E. D. Chan
Division of Pulmonary Sciences and Critical Care Medicine
University of Colorado Denver
Denver, Colorado, USA

Letter to the Editor

December 2012 Volume 50 Number 12 jcm.asm.org 4191

http://jcm.asm.org

	Need for Rigor in Design, Reporting, and Interpretation of Transcriptomic Biomarker Studies
	REFERENCES


