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Introduction 
 

qRT-PCR is a very popular variant of PCR 

which is used for low cost, rapid and accurate 

expression quantification of transcripts. Gene 

expression quantification using qRT-PCR is 

done with the help of reference genes. These 

genes are used as internal controls to 

normalize and remove biases introduced by 

differences in RNA content extraction, 

transfer, storage, quantity and quality of RNA  

 

 

 

 

 

 

 

 

 

 

 

 

material, reverse transcriptional activity 

across different samples (Bustin et al., 2009). 

Reference genes are chosen for normalization 

based on their high and stable expression. 

Expression levels of reference genes don’t 

vary much under different conditions, 

organisms, tissues and samples under study 

consideration. Most common reference genes 

are housekeeping genes such as GAPDH, 18s 
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Quantitative real-time polymerase chain reaction (qRT-PCR) is a low cost, rapid, accurate 

method for quantification of gene expression. Accuracy of qRT-PCR expression 

quantification is highly dependable on selected reference genes or miRNAs as these genes 

or miRNAs work as internal controls for normalization to quantify expression among 

different samples. Problems have been reported with steady expression or stability of 

reference genes in various conditions. Thus suitable reference genes or miRNAs need to be 

identified in various experimental conditions. The Cancer Genome Atlas (TCGA) Level 3 

miRNA expression data for 11 cancers were collected, after pre-processing data from 4 

cancers having 102 normal samples and 1428 tumor samples was used to find potential 

reference miRNA. Mean, coefficient of variation among normal and tumor samples were 

checked to find highly, stably expressed miRNAs between normal and tumor conditions. 

We found 32 potential qRT-PCR reference miRNAs in 3 out of 4 cancer types. 15 miRNA 

were found in cholangiocarcinoma (CHOL), 13 miRNA in kidney renal papillary cell 

carcinoma (KIRP) and 4 miRNA in stomach and esophageal carcinoma (STES). We did 

not find any miRNA passing all selection criteria in glioma (GBMLGG). In this study we 

used TCGA data to find potential qRT-PCR reference miRNAs in 4 cancers. We performed 

computational analysis of 1530 expression profiles of both normal and tumor conditions 

from 4 human cancer types and found total 32 stably and highly expressed potential 

reference miRNAs in 3 out of 4 cancer types. Data generated using next-generation 

sequencing (NGS) technologies can be very helpful in finding reference qRT-PCR 

miRNAs. 
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rRNA, ACTB, GUSB, HMBS, TBP etc. 

(Kozera and Rapacz, 2013).  

 

However ideally the expression of these 

references should be constitutively constantly 

high, and should not vary in different 

samples, nor be affected by experimental 

treatments, but in reality expression of the 

housekeeping genes or other most commonly 

used reference genes vary in different type of 

tissues, developmental stages, related species, 

abiotic stress, disease and infection, tumors 

and alternative splicing can also affect their 

expression (Glare et al., 2002; Kozera and 

Rapacz, 2013). Thus identification of 

reference genes or miRNAs in various 

conditions is an important task in designing 

accurate and reliable qRT-PCR studies. 

 

Apart from selecting housekeeping gene or 

other commonly used genes as reference there 

has been lot of attempts to identify reference 

gene in various cell lines and experimental 

conditions (Frericks and Esser, 2008; Kwon et 

al., 2009; Lee et al., 2007; Popovici et al., 

2009; Saviozzi et al., 2006). Due to arrival of 

latest reference gene free expression 

quantification technologies such as 

microarray and NGS the data generated by 

these machines can be used for reference gene 

selection in desired tissue/condition.  

 

Next generation sequencing technology 

variant such as RNA-seq has significantly 

reduced the cost and time of sequencing 

transcripts and is being used to generate gene 

expression data from various tissues and 

conditions.  

 

This data is being made publicly available by 

submitting it to online databases such as Gene 

Expression Omnibus (GEO) (Barrett et al., 

2013), Sequence Read Archive (SRA) 

(Leinonen et al., 2011), TCGA 

(http://cancergenome.nih.gov/) etc. TCGA is 

one specialized database in storing NGS data 

generated from various cancer tissues. We 

performed computational analysis of 1530 

samples from 4 human cancer conditions and 

found total 32 stably and highly expressed 

potential reference miRNAs in 3 human 

cancer conditions. Further laboratory based 

validation will be required to find validity of 

these potential reference miRNAs. 

 

Materials and Methods 

 

miRNA expression data collection and 

preprocessing 
 

TCGA Level 3 miRNA expression data 

generated using Illumina HiSeq platform for 

11 cancers was collected from GDAC 

firehose website (https://gdac.broadinstitute. 

org/) in RPM format. GDAC firehose is a 

BROAD Institute’s initiative to stores TCGA 

data in processed format. Cancers having 5 or 

more normal samples were included in the 

study.  

 

From all the collected samples 7 cancer types 

did not have expression data for normal 

conditions. Finally we chose 4 cancer samples 

having 102 normal samples and 1428 tumor 

samples for analysis. Expression data of 5p, 

3p arm of mature miRNA was taken in reads 

per million (RPM) format. 

 

Selection of potential reference miRNAs 
 

Total 4 criteria were set to select potential 

reference miRNAs. In this study, the 

definition of a reference miRNA is a miRNA 

that is highly and stably expressed across 

normal and tumor conditions. Potential 

reference miRNA for each cancer type were 

filtered using the following criteria, based on 

previous studies. 

 

miRNA should express in all samples. Thus it 

should have RPM expression value > 0 in all 

samples. 
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Mean (N) > 100 and Mean (T) > 100. 

 

CV (N) < 0.5 and CV (T) < 0.5. 

 

Mean (N)/Mean (T) < 1.3 and Mean 

(T)/Mean (N) < 1.3. 

 

Results and Discussion 
 

To find potential qRT-PCR reference miRNA, 

we used miRNA-seq data from 4 cancer types 

more detail about number of total, tumor, 

normal samples are given in Table 1. Table 2 

contains details about number of miRNAs 

passing various criteria for selection of 

reference miRNA as described in material and 

methods section. We found a total 32 

reference miRNA satisfying the criteria we set 

to identify potential reference miRNAs in all 

4 cancer types.  

 

Cholangiocarcinoma (CHOL) had 15 miRNA, 

no miRNA passed selection criteria in glioma 

(GBMLGG), kidney renal papillary cell 

carcinoma (KIRP) 13 miRNA, stomach and 

esophageal carcinoma (STES) had 4 potential 

reference miRNA. Names of potential 

reference miRNA are given in Table 3.  

 

Mean RPM expression values of various 

potential reference miRNA in different cancer 

conditions are plotted in Figure 1, 2 and 3. 

Many let-7 and hsa-mir-30 family miRNAs 

showed stable expression in various 

conditions. hsa-miR-361-5p was also stably 

expressed in CHOL, KIRP which was also 

discovered by Zhan and colleagues (Zhan et 

al., 2014) in many other cancer types. 

 

Most commonly used reference genes for 

qRT-PCR studies such as several 

housekeeping genes and non-coding RNA 

such as 18s rRNA are not suitable for 

expression quantification in all conditions due 

to inconsistency in their expression levels 

across tissue space and biological conditions 

(de Kok et al., 2005). Gene sequences are 

much lengthier as compared to miRNA, 

making them unsuitable for miRNA qRT-PCR 

expression quantification studies. Thus 

Careful selection of an appropriate reference 

is extremely important as no single reference 

gene can serve as a universal control for all 

experimental conditions. 

 

MicroRNAs are a class of small RNA 

molecules that regulate gene expression in 

many biological processes and disease 

conditions by mRNA degradation, 

translational repression, RNA-directed DNA 

methylation (Bartel, 2004; Floyd and 

Bowman, 2005; Millar and Waterhouse, 

2005).  

 

Reference miRNA for normalization and the 

miRNA being quantified should be from same 

type of sample for greater accuracy of 

expression quantification. Zhan et al., (2014) 

used TCGA miRNA-seq data from 14 cancers 

having total 589 normal and 5727 tumor 

samples and identified total 126 potential 

reference miRNAs.  

 

To extend their work and find suitable 

potential reference miRNA, we investigated 

TCGA high throughput miRNA-seq 

expression data from 4 cancer conditions. We 

identified 32 potential reference miRNA in 3 

cancer conditions. miRNA such as let-7 

family, hsa-miR-22 which showed highly 

stable expression is involved in various 

cancer suppression.  

 

These miRNA are good for patient survival 

(Stahlhut Espinosa and Slack, 2006). Let-7 is 

known to be targeting tumorigenesis and 

angiogenesis and has also been reported as 

reference miRNA in other studies (Chang et 

al., 2010).  

 

Apart from these hsa-miR-361-5p was also 

reported by Zhan (Zhan et al., 2014). 
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Table.1 Number of samples in each cancer tumor 

 

Cancer type 
Number of normal 

samples 

Number of tumor 

samples 
Total 

Cholangiocarcinoma (CHOL) 9 36 45 

Glioma (GBMLGG) 5 526 531 

Kidney renal papillary cell 

carcinoma (KIRP) 
34 292 326 

Stomach and Esophageal 

carcinoma (STES) 
54 574 628 

 

Table.2 Number of miRNA in 4 cancer samples that passed our selection criteria as described in 

material and methods section 

 

Cancer Type 

miRNA having 

> 0 RPM in all 

samples 

Normal samples Tumor samples Stable in both 

normal and 

tumor 

samples 

Potential 

reference 

miRNA 
Highly 

Expressed 
Stable 

Highly 

Expressed 
Stable 

Cholangiocarcinoma 

(CHOL) 
2195 123 99 125 40 39 15 

Glioma (GBMLGG) 1786 157 88 114 9 7 0 

Kidney renal papillary 

cell carcinoma (KIRP) 
2004 115 64 111 25 22 13 

Stomach and 

Esophageal carcinoma 

(STES) 

1725 116 29 127 14 9 4 

 

Table.3 Potential reference miRNA identified in each cancer type 

 

Cancer type Potential reference miRNAs 

Cholangiocarcinoma (CHOL) 

hsa-let-7a-5p, hsa-let-7d-5p, hsa-let-7d-3p, hsa-let-7f-5p, hsa-

miR-15a-5p, hsa-miR-16-5p, hsa-miR-26a-5p, hsa-miR-29a-3p, 

hsa-miR-103a-3p, hsa-miR-197-3p, hsa-miR-30c-5p, hsa-miR-

145-5p, hsa-miR-186-5p, hsa-miR-361-5p, hsa-miR-151a-5p 

Glioma (GBMLGG) - 

Kidney renal papillary cell 

carcinoma (KIRP) 

hsa-let-7a-5p, hsa-let-7d-3p, hsa-miR-24-3p, hsa-miR-30a-5p, 

hsa-miR-92a-3p, hsa-miR-101-3p, hsa-miR-30d-5p, hsa-let-7g-

5p, hsa-miR-23b-3p, hsa-miR-140-3p, hsa-miR-30e-5p, hsa-miR-

361-5p, hsa-miR-151a-3p 

Stomach and Esophageal 

carcinoma (STES) 

hsa-miR-22-3p, hsa-miR-28-5p, hsa-miR-140-3p, hsa-miR-374a-

3p 
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Fig.1 Mean RPM value plot of various potential reference miRNAs in cholangiocarcinoma 

 

 

Fig.2 Mean RPM value plot of various potential reference miRNAs in kidney renal papillary cell 

carcinoma 

 

 

Fig.3 Mean RPM value plot of various potential reference miRNAs in stomach and esophageal 

carcinoma 
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Highly expressed (as compared to other 

potential qRT-PCR reference miRNA) both in 

normal and CHOL tumor cells, potential qRT-

PCR reference miRNA 5p arm of hsa-let-7a 

which is known to modulate interleukin-6-

dependent STAT-3 survival signaling in 

malignant human cholangiocytes (Meng et 

al., 2007). Others were hsa-miR-103a-3p, 

hsa-let-7f-5p, hsa-miR-29a-3p. hsa-miR-30a-

5p and has-miR-22-3p were highly expressed 

miRNA in KIRP and STES among other 

potential qRT-PCR reference miRNA. Further 

experimental validation is necessary to use 

these miRNA as control for expression 

quantification. 

 

Most commonly used reference genes and 

miRNAs are not suitable as qRT-PCR 

reference miRNA because their expression 

can vary among various conditions. Thus 

identification of qRT-PCR reference miRNA 

becomes must to calculate expression using 

qRT-PCR. NGS technologies are reference 

free expression methods, thus can be utilized 

to find stably, highly expressed 

genes/miRNAs across samples. In this study 

we analyzed TCGA miRNA-seq data to find 

potential qRT-PCR reference miRNAs for 4 

cancer conditions. Total 32 potential qRT-

PCR reference miRNAs for 3 cancerous 

conditions were found. These miRNAs must 

be validated in wet lab before their use. 
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