
International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Vol-6, Iss-3, Spl. Issue-1 Aug.-2018, http://iraj.in 

MiRNA Profiling of Cerebrospinal Fluid: Isolation Method Matters 
 

21 

MIRNA PROFILING OF CEREBROSPINAL FLUID: ISOLATION 
METHOD MATTERS 

 
1DUYGU YUCEL, 2FATIH UGUR, 3M.TUNCAY OZGUN 

 

1Erciyes University, Genome and Stem Cell Center (GENKOK), Kayseri, Turkey 
2Erciyes University, Faculty of Medicine, Department of Anaesthesiology and Reanimation, Kayseri, Turkey 

3Erciyes University, Faculty of Medicine, Department of Obstetrics and Gynecology, Kayseri, Turkey 
E-mail: duyguyucel@erciyes.edu.tr 

 
 
Abstract -  
Introduction: microRNA expression profiles of bodily fluids are exploited for the discovery of biomarkers implicating the 
importance of microRNA extraction techniques. Cerebrospinal fluid (CSF) is a mirror of central nervous system and has 
been interrogated for identification of biomarkers of neurodegenerative diseases, cancer and traumatic brain injury. 
However, there is poor correlation between different reports indicating interlaboratory differences and the need to 
standardize miRNA isolation method for CSF. 
Methods: RNA isolation methods can be broadly classified as phenol-based and phenol-free techniques. Two commonly 
used RNA isolation kits from both categories were compared for their efficiency to isolate miRNAs from CSF. CSF was 
collected from healthy pregnant women between the age of 20 – 29 years old and 30 – 39 years old. miRNA profiles of 
young and old pregnant women were analysed for miRNA differences using aforementioned RNA isolation methods. 
Microfluidic gene expression system was used to identify differential miRNAs. 
Results: Phenol-based technique was performant over the phenol-free technique.  Out of seventy seven miRNAs, none was 
found significant in the case of phenol-free method. However, two miRNAs were found significantly altered in phenol-based 
method.  
Conclusion: The choice ofRNA isolation method is critical in order to avoid masking effects due to the poor techniques 
employed by the commercially available kits. In our hands, phenol-based technique allowed identification of age related 
miRNA differences in the CSF of a healthy cohort of pregnant women. Therefore, for miRNA expression studies in bodily 
fluids like CSF, phenol-based RNA isolation methods are recommended.  
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I. INTRODUCTION 
 
Cerebrospinal fluid (CSF) plays a vital role for brain 
function by providing nutrients, removing metabolic 
by-products, mediating signalling and rendering 
mechanical support. CSF baths the Central Nervous 
System (CNS) and therefore is reflective of the 
changes that take place in conditions such as 
neurodegenerative diseases, traumatic brain injury 
and neoplastic diseases of the CNS.  
 
This complex brain filtrate has been exploited for 
biomarker discovery with emerging roles of 
microRNAs (miRNAs) for diagnostic purposes[1, 2]. 
miRNAs are small non-coding RNA molecules which 
inhibit gene expression post-transcriptionally[3]. It 
has been a decade since the detection of miRNAs in 
CSF for the first time, yet there is still no robust 
method that will provide consistent small RNA 
extracts from CSF [4]. It is critical to choose the most 
suitable isolation method available through 
commercial kits which can be broadly classified 
according to the solvents they use to denature 
proteins as phenol-based kits and phenol-free kits[5]. 
In this study, two widely used small RNA extraction 
kits,namely miRVANA PARIS RNA Purification Kit 
and miRCURYRNA Isolation Kit, were compared for 
their efficiency to isolate miRNAs from CSF. Both 

kits employ column-based protocols however they 
differ in their method of protein denaturation.  
We aimed to compare the miRNA profiles of 
commonly used small RNA extraction kits using CSF 
of healthy individuals. To do this, a custom list of 
miRNAs were composed based on previous reports of 
the top miRNAs detected in the CSF[6-8]. The 
sample cohort was composed of healthy pregnant 
women in the age range of 20 – 29 years and 30 - 39 
years, going under spinal anaesthesia for sea section. 
miRNAexpression profiles of young and old pregnant 
women were compared usingaforementioned kits. 
While no significant miRNA candidates were found 
with the use of miRCURY RNA Isolation Kit, two 
miRNAs were found significantly altered in younger 
pregnant women where RNA isolation was carried 
out with the use of miRVANA PARIS RNA 
Purification Kit. In our hands, phenol-based RNA 
isolation method was more performant than the 
phenol-free RNA isolation method for miRNA 
expression profiling of CSF.   
 
II. MATERIALS AND METHODS 
 
Collection of Clinical Specimen 
This study was carried out at Erciyes University 
Faculty of Medicine with an approval of the medical 
ethics committee. Subjects with an informed written 
consent were enrolled in the study. Pregnant women 
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going under Caesareansection via spinal anaesthesia 
were included in the study with the criteria of them 
being class 1 of American Society for Anaesthesia 
(ASA-1). Subjects were classified according to their 
age, first group was comprised of participants 
between the age of 20 – 29 (n=3) and second group 
between the age of 30- 39 (n=5). After processing the 
samples for gene expression analysis, haemolysis 
assessment was performed where two samples from 
the second group were excluded from further 
analysis.  
 
Sample Preparation 
CSF samples collected during spinal anaesthesia were 
centrifuged twice at 3000g for 5 minutes and the 
supernatant was stored at -80°C in aliquots. CSF 
samples were thawed on ice and total RNA was 
isolated using miRVANA PARIS RNA 
PurificationKit (catalog no AM1556, Ambion-
ThermoFisher Scientific, Waltham, MA) and 
miRCURY RNA Isolation Kit – Biofluids(catalog no 
300112, Exiqon, Vebaek, Denmark). Total RNA was 
isolated simultaneously by miRVANA PARIS RNA 
Purification Kit and miRCURY RNA Isolation Kit 
according to manufacturers’ instructions. 25 
femtomoles of cel-miR-39 miRNA mimic was added 
per sample as a spike-in control. cDNA synthesis was 
performed using Qiagen’smiScript II RT Kit. Before 
gene expression analysis, cDNA was amplified using 
miScript Microfluidics PreAMP Kit (Qiagen, Hilden, 
Germany). Pre-amplified samples were used for 
microfluidic gene expression analysis.  
 
Real-time RT-PCR 
Real-time RT-PCR analysis was performed with 
Fluidigm’s microfluidic gene expression system 
using Dynamic Array (96.96) integrated fluidic 
circuit (IFC) (Fluidigm, South San Francisco, CA). 
The IFC was injected with Control Line Fluid Kit and 
primed using the IFC Controller HX (Fluidigm). 
Mixtures for assay inlets and sample inlets were 
prepared using miScript Microfluidics PCR Kit 
(Qiagen) according to the manufacturer’s 
instructions. Briefly, primer assays and miScript 
universal primer were mixed with 2xAssay Loading 
Reagent (Fluidigm) and dispensed on the assay inlets 
of the IFC. Pre-amplified cDNA samples were mixed 
with Microfluidics qPCR master mix provided in the 
miScript Microfluidics PCR Kit (Qiagen) and 
20xDNA binding sample loading reagent (Fluidigm). 
The sample mixture were dispensed on the sample 
inlets of the IFC and the loading process was started 
using IFC Controller HX (Fluidigm). After 
completion of priming and loading steps, the IFC was 
run on the BioMark™ HD System.  
 
Custom miRNA List and Normalisation 
The custom miRNA list (Table 2) was ordered from 
Qiagen in the form of primer assays. 71 miRNAs 

were selected based on their robust and dominant 
expression in CSF in various conditions[6-8]. In 
addition to aforementioned miRNAs, the custom 
miRNA list included seven candidate reference 
miRNA genes, namely hsa-miR-124-3p, hsa-miR-
30b-5p, hsa-miR-30c-5p, hsa-miR-191-5p, hsa-miR-
24, hsa-miR-99a-5p and hsa-let-7b, were included in 
the custom miRNA list which have been used for the 
purpose of normalisation by other groups [2, 6, 9]. 
Using NormFinder, all custom miRNA candidates 
were interrogated for their reference performance, 
that is for being robustly expressed across all samples 
and hsa-miR-99a-5p was found the best reference 
gene in our experimental set-up [10].  
 
In addition to no amplification control and no 
template control as negative controls, absence of two 
small RNAs, SNORD95 andRNU6-2_11, were tested 
as an indicator of contaminating cells in the CSF[11]. 
Haemolysisassessment was carried out using hsa-
miR-23a-3p and hsa-miR-451a. The samples with 
delta Ct values of hsa-miR-23a-3p - hsa-miR-451a 
above 8 were excluded from the study due to 
haemolysis which corresponded to two samples in the 
second group (30 – 39 years old women). After 
determination of the most suitable reference genes 
using algorithms of the NormFinder, normalisation of 
samples was performed as described previously using 
pre-determined reference gene and spike-in 
control[9].  
 
Statistical Analysis 
The data were analysed using trial version of 
Graphpad Prism 6.0. For each isolation method, 
miRNA expression level differences between the 20 – 
29 years old women and 30 – 39 years old women 
were compared using Student’s t-test (p< 0,05). A 
volcano plot was constructed for miRNA expression 
profiles obtained with the use of each method.   
 
III. RESULTS 
 
The Phenol-based RNA Isolation Method is More 
Efficient than the Phenol-free RNA Isolation 
Method for miRNAexpression profiling of CSF  
Volcano plots were constructed to compare the 
miRNA expression profiles of CSF obtained through 
phenol-based and phenol-free RNA isolation methods 
(Figure 1). Using phenol-based method, two out of 
seventy seven miRNAs (Table 2) were found 
significantly upregulated in younger pregnant women 
(20 – 29 years old, mean age 25) compared with the 
older ones (30 – 39 years old, mean age 35) (Figure 
1A).However, we did not detect any significantly 
altered miRNAs with the use of phenol-free method 
(Figure 1B). 
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Figure 1: Volcano plots of miRNA expression profiles obtained with the use of A) miRVANA PARIS RNA Purification Kit and B) 

miRCURY RNA Isolation Kit –Biofluids 
Compared with the 30 – 39 years old pregnant women, younger pregnant women (20 – 29 years old) had higher 
levels of miR-100-5p and miR-125a-5p.  

Table 1: Two miRNAs were significantly upregulated with the use of phenol-based method. 
*p< 0,05 

 

miRVANA PARIS RNA 
Purification Kit 

miRCURY RNA Isolation 
Kit – Biofluids 

 
fold change 

p 
value fold change 

p 
value 

hsa-miR-100-
5p 15,9* 0,048 0,9 0,903 
hsa-miR-
125a-5p 26,0* 0,032 0,8 0,844 

 
Table 2: The custom miRNA list used for comparison of expression profiles 

 
 
DISCUSSION 
 
CSF-derived miRNAs have been reported as 
promising biomarkers for diagnosis, classification 
and prognosis of CNS tumours and 
neurodegenerative diseases[1, 12, 13]. Isolation of 
small RNAs from bodily fluids like CSF has been of 
challenge due to their small sample size and variable 
fluid content. Currently, there are slight overlaps 

between the data published on CSF miRNA 
expression analysis, however majority of the reports 
poorly overlap most likely due to the RNA isolation 
methods employed[6, 8, 9]. The clinical significance 
of miRNAs highlight the need to standardize small 
RNA isolation from CSF. Efforts have been made to 
compare several commercially available kits and 
chemicals to optimize miRNA profiling of CSF 
samples[14, 15]. The sample type and the input yield 

hsa-miR-204 hsa-miR-10a-5p hsa-miR-505-5p
hsa-miR-125b-5p hsa-miR-21-5p hsa-miR-142-3p hsa-miR-17-5p
hsa-miR-132*-2 hsa-miR-26a-5p hsa-miR-624-5p hsa-let7d-5p
hsa-miR-100-5p hsa-miR-23b-5p hsa-miR-509-3p hsa-miR-151a-5p
hsa-miR-150-5p hsa-miR-101-5p hsa-miR-34a-5p hsa-miR-92b-3p
hsa-miR-19b-3p hsa-miR-223-3p hsa-miR-let7e-5p hsa-miR-135a-5p
hsa-miR-145-5p hsa-miR-27b-3p hsa-miR-20b-5p hsa-miR-574-3p
hsa-miR-92a-3p hsa-miR-424-5p hsa-miR-93-5p hsa-miR-484
hsa-miR-223-5p hsa-miR-16-5p hsa-miR-146a-5p hsa-miR-374a-5p
hsa-miR-101-3p hsa-miR-197-3p hsa-miR-222-3p hsa-miR-324-3p
hsa-miR-320b hsa-miR-103b hsa-miR-331-3p hsa-miR-195-5p
hsa-miR-186 hsa-miR-27a-5p hsa-miR-425-5p hsa-miR-126a-3p
hsa-miR-106a hsa-miR-99b-5p hsa-miR-532-3p hsa-miR-133b

hsa-miR-27a-3p hsa-miR-142-5p hsa-miR-133a-3p hsa-miR-30b-5p
hsa-miR-143-3p hsa-miR-7d-3p hsa-miR-410-3p hsa-miR-30c-5p
hsa-miR-20a-5p hsa-miR-1911-5p hsa-miR-342-3p hsa-miR-191-5p
hsa-miR-320a hsa-miR-29a-3p hsa-miR-125a-5p hsa-miR-124-3p

hsa-miR-140-3p hsa-let7g-5p hsa-miR-216a hsa-miR-24-3p
hsa-miR-15a-5p hsa-miR-34b-5p hsa-miR-23a-5p hsa-let7b-5p
hsa-miR-29c-3p hsa-miR-25-3p

miRNA List
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are important determining factors for deciding on the 
most suitable kit. Where an isolation kit can work 
efficiently for plasma or tissue, it may fail in the case 
of bodily fluids. Therefore, the miRNA expression 
profiles from same samples can differ widely 
according to the RNA isolation type[8].  
There are over fifty papers on human CSF small 
RNA profiles and 85 % of them uses column-based 
extraction methods. Among reports with column-
based methods, the number of phenol-based methods 
and the number of phenol-free RNA extraction 
methods is approximately the same. In this study we 
compared the performance of a phenol-based product 
(miRVANA PARIS RNA Purification Kit) and 
phenol-free product (miRCURY RNA Isolation Kit-
Biofluids). We were able to identify age-related 
differences with the use of phenol-based RNA 
extraction method in a small sample size. However, 
we did not detect significantly altered miRNAs using 
phenol-free RNA extraction method. Interestingly, 
the one of the candidate miRNAs was implicated with 
roles in aging in animal models. In mice, miR-125a-
5p expression was downregulated upon aging, 
consistent with our findings of its upregulation in 
younger pregnant women [16]. The findings in this 
study awaits further confirmation with a larger cohort 
using the phenol-based RNA extraction method. 
 
CONCLUSION 
 
The choice of RNA isolation technique can have a 
masking effect on the miRNA profiling ofthe CSF. In 
our hands, phenol-based technique allowed 
identification of age-related differential expression of 
miRNAs in the CSF of a healthy cohort of pregnant 
women. Therefore, we recommend phenol-based 
RNA isolation techniques over phenol-free RNA 
isolation techniques to investigate miRNA expression 
levels in the CSF samples. 
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