
Validation of the Next-generation Sequencing results of mRNA and miRNA

biomarker expression by quantitative PCR

Lower urinary tract dysfunction (LUTD) in elderly males is often

caused by bladder outlet obstruction (BOO), which is mostly due

to an enlarged prostate. To study the role of messenger

ribonucleic acids (mRNAs) and micro ribonucleic acids

(miRNAs) in LUTD, Next-generation Sequencing (NGS) of total

RNA isolated from the patients’ biopsies was previously

performed in the host laboratory.

Now we used reverse transcriptase – quantitative polymerase

chain reaction (RT-qPCR) to validate the NGS results in a larger

sample population. By using TaqMan® gene expression assays

and TaqMan® Advanced miRNA assays we were able to

confirm and validate the mRNA and miRNA NGS results.

ANOVA analysis revealed that six mRNAs and six miRNAs were expressed significantly

different from either control group or one another. Platform validation with student’s t-test

analysis proved that the qPCR data was not significantly different from the NGS data.

With the exception of MAP3K1, MEF2C and miR-142-3p, whose levels determined by

qPCR did not match the NGS data, the expression of all the other mRNAs and miRNAs

could be confirmed on a larger sample population. A great interest is now the detection

and characterization of mRNAs and miRNAs in the urine. This might replace the need of

a biopsy collection for diagnostic purposes, bringing benefits to the patients: urine

sampling is non-invasive and more cost-effective than taking a biopsy.

Because the sample-size in the NGS study was small (n = 6

samples per group), the aim is to validate the NGS results by

another method, in this case RT-qPCR in a larger independent

sample population of 45 patients’ samples and 15 control

samples. Based on this, the following question is formulated:

Can the NGS results for selected genes be confirmed by qPCR

on a larger sample size?

Normally, the bladder fills without distinct sensations and with

little or no increase in intravesical pressure. However, in LUTD,

this process is impaired by storage, voiding and post-micturition

symptoms such as urgency, frequency and incomplete

emptying. LUTD can be caused by the bladder outlet

obstruction or other pathologies of the prostate in males, as well

as by various other diseases (Gratzke et al., 2015).

Next-generation Sequencing was previously performed in the

laboratory to study the role of mRNAs and miRNAs in lower

urinary tract dysfunction specifically for bladder outlet

obstruction.

Selection of patients:

The Clinic for Urology at the University Hospital Bern (Inselspital) recruited elderly male

patients with bladder outlet obstruction and related lower urinary tract symptoms. The

patients were divided in four groups based on the clinical findings:

• Group 1 = controls: patients’ group with normal bladder function

• Group 2 = DO group: BOO patients with detrusor overactivity

• Group 3 = BO group: BOO patients without detrusor overactivity

• Group 4 = UA group: BOO patients with an underactive (acontractile) bladder.

We then performed RT-qPCR by using 12 TaqMan® gene expression assays for mRNA

screening and 19 TaqMan® Advanced miRNA assays for miRNA screening (including

controls). For statistical evaluation we converted the threshold cycle value (Ct-value)

into the log2 fold change value. Down-regulated genes will have negative log2 values;

over-expressed genes will have positive log 2 value.
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The qPCR data was normalized against the endogenous control and then converted to

fold difference. The fold difference gene expression values were then compared with the

control group and all groups with one another using ANOVA analysis. Fig. 5.1 and 5.2

show the six mRNAs and six miRNAs which were significantly up- or downregulated,

indicated by * on the graphs. The graphs are presented as mean log2 fold change in a

patients’ group and the standard error of the mean (SEM) given as an error bar.

To deliver a mathematical proof for the

NGS platform validation we used

student’s t-test (two-tailed) to compare

log2 FC values from qPCR and NGS

data. If the obtained p-value is < 0.05,

the difference between the compared

groups is considered to be significant.

Fig. 5.1 Significant differences in mRNA expression levels. Fig. 5.2 Significant differences in miRNA expression levels. 

mRNA Name DO BO UA

APOL1 0.260 0.995 0.601

BMP7 0.509 0.738 0.892

FOSL1 0.217 0.487 0.709

MAP3K1 0.083 0.330 0.020

MEF2C 0.474 0.212 0.001

MYC 0.319 0.320 0.700

MYH11 0.321 0.085 0.864

NRXN3 0.536 0.026 0.781

SEMA3C 0.598 0.143 0.790

SERPINE1 0.416 0.688 0.831

UPK1A 0.492 0.886 0.621

miRNA Name DO BO UA

hsa-let-7b-5p 0.253 0.879 0.034

hsa-miR-103a-3p 0.051 0.212 0.607

hsa-miR-10a-5p 0.817 0.895 0.025

hsa-miR-142-3p 0.002 0.015 0.000

hsa-miR-15b-5p 0.070 0.008 0.902

hsa-miR-181c-5p 0.522 0.001 0.229

hsa-miR-186-5p 0.588 0.383 0.167

hsa-miR-199a-3p 0.654 0.824 0.269

hsa-miR-21-3p 0.310 0.082 0.055

hsa-miR-221-3p 0.669 0.870 0.594

hsa-miR-26b-5p 0.801 0.826 0.222

hsa-miR-29c-3p 0.067 0.055 0.801

hsa-miR-320a 0.276 0.018 0.485

hsa-miR-342-3p 0.031 0.008 0.316

hsa-miR-374a-5p 0.034 0.028 0.081

hsa-miR-429 0.188 0.774 0.557

hsa-miR-490-3p 0.781 0.268 0.866

hsa-miR-497-5p 0.873 0.255 0.698

Tab. 5.1 Student’s t-test comparing qPCR (n = 12) 

samples and NGS samples (n = 6). 

Tab. 5.2 Student’s t-test comparison of qPCR and NGS results for 

miRNAs. . Samples in DO group (n =8), BO group (n = 7) and UA 

group (n = 7) were compared to NGS samples (n = 6) after testing 

for normal distribution.


