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Abstract 
Evaluation of gene expression in urinary sediment has been considered as a 

promising non-invasive approach for biomarker identification of kidney diseases. 
Nonetheless, there are several challenges in extraction of RNA from this valuable 
source of biomarkers, mostly because of the factors that have influence on quality of 
isolated RNA such as low cellular content. Accordingly, we compared the quality of 
RNA from urine sediment samples that was isolated by four different methods. TRIzol 
reagent with basic protocol (method 1), modified procedure of TRIzol (method 2), a 
column-based protocol (method 3) and combination of method 1 and 3 (method 4) were 
applied for isolation of RNA from identical aliquots of five healthy urine samples. The 
quality and yield of isolated RNA were evaluated based on concentration and purity. 
Expression levels of GAPDH and miR-21 were studied by quantitative RT-PCR. 
Methods 1 and 2 showed the highest RNA yield while no difference in purity of RNA in 
different methods was noticed. Quantitative RT-PCR findings indicated that Ct values 
in samples of method 1 had the lowest level. Although higher concentrations of RNA 
were isolated by method 2, the declined Ct values in this method might indicate 
degradation of isolated RNA. Column based protocols (method 3 and 4) were failed to 
show significant recovery of RNA. It seems that isolation procedure using TRIzol, as a 
phenol based method, is the most efficient, robust and reliable procedure for RNA 
isolation from urinary sediment cells. 
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Introduction 
Gene expression analysis of urine sediment has been 

a valuable practice for non-invasive diagnosis of kidney 

diseases. The first study of using urine sediment gene 
expression profile for diagnostic purpose was performed 
by Li et al. in 2001 [1], which suggested two genes as 
diagnostic biomarkers for renal allograft rejection. 
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Thereafter, other groups showed increasing interest in 
measuring mRNA levels of cytokines, chemokines, 
growth factors and other molecules for diagnosis and 
prognosis of renal and other urological diseases [2-6]. 

Isolation of sufficient amount of total RNA with high 
quality is a major technical problem for biomarker 
discovery studies using urine sediment. Relatively low 
cellular content of urine, especially in healthy 
individuals, makes the RNA assessment difficult and 
challenging. Urine pH, temperature, storage and 
handling condition, and other biochemical parameters 
could affect RNases release from urine sediment cells 
which could be dramatically damaging for isolated 
RNA [7]. Most of the researchers have utilized column 
based technique due to its simplicity and rapidity. 
However, the yield of isolated RNA might not be high 
enough to handle the downstream experimental steps 
[8]. Herein, we decided to compare RNA isolation 
methods which cover all main methodologies for RNA 
extraction: (i) phenol based method which is performed 
by using an organic solvent, phase separation and RNA 
precipitation, (ii) column based method which takes the 
advantage of silica columns’ property for binding of 
nucleic acids, (iii) combined method which use high 
lysis capacity of solvents in phenol based method and 
RNA recovery potential of column based method [9]. In 
this study, we evaluated the expression level of GAPDH 
mRNA to compare efficiency of different isolation 
methods. Moreover, we studied the expression level of 
miR-21 in different isolation methods. Therefore, an 
insight about the effective and optimum procedure for 
isolation of qualified RNA assists researchers in the 
study design and achieving the desired results. 

 

Materials and Methods 
Sample collection and preparation 

Urine samples were collected from five healthy 
volunteers and each sample was aliquoted into 4 tubes 
(30 ml each). Urine sediment was collected by 
centrifugation for 8 min at 14000 ×g in 4 ºC and 
immediately snap-frozen in liquid nitrogen. All the 
samples were stored at -80 ºC until use. The consent 
form was signed by participants and confirmed by the 
ethic committee of Shahid Beheshti University of 

Medical Sciences.  
 
RNA isolation methods  

Four different RNA isolation methods were used for 
each sample and RNA yield and purity were compared. 
(i) Method 1, RNA isolation was accomplished by 
TRIzol reagent (Thermo Scientific, Waltham, MA, 
USA) according to manufacturer instruction and RNA 
pellet was dissolved in 30 μl of diethyl pyrocarbonate 
(DEPC)-water. (ii) Method 2 was based on TRIzol 
reagent with some variations. We have previously used 
this method for isolation of total RNA enriched in 
miRNAs [10]. In this method the same procedure was 
used for isolation of aqueous phase (containing RNA 
fraction). Afterward, 1 ml of 100% ethanol was used 
instead of isopropanol and the mixture was incubated at 
-20 ºC for overnight. RNA pellet was precipitated by 
centrifugation for 45 min at 14000 ×g in 4 ºC. Pellet 
was washed with 75% ethanol and centrifuged for 8 min 
at 14000 ×g in 4 ºC. To facilitate RNA precipitation, 
0.35 μl of glycogen (20mg/ml) was added to aqueous 
phase in method 1 and 2. (iii) Method 3, a column based 
technique was performed by using FastPure RNA kit 
(TaKaRa) per manufacturer’s instruction. (iv) Method 4 
was an integration of method 1 and method 3. Briefly, 
lysis of sample was carried out by TRIzol reagent and 
aqueous phase was separated according to method 1. 
Afterward, aqueous phase was mixed with 500 μl of 
70% ethanol and the procedure was followed according 
to FastPure RNA kit (TaKaRa) instruction. The RNA 
concentration was quantified by absorbance at 260 nm 
and the purity of RNA was evaluated by the ratio of 
absorbance at 260 to 280 nm using WPA 
spectrophotometer (Biochrom). 
 
Complementary DNA (cDNA) synthesis 

Genomic DNA contamination from RNA samples 
was removed by DNase I (RNase-free) treatment 
(Thermo Scientific, Waltham, MA, USA). Total RNA 
from urine sediment samples were reverse transcribed 
using cDNA Synthesis kit (Thermo Scientific, Waltham, 
MA, USA). The reaction was performed in final volume 
of 20 μl using random hexamer primers, following the 
protocol provided by the manufacturer. We used 400 ng 

Table 1. Sequence of oligonucleotides for quantification of GAPDH and miR-21 
Oligonucleotide Sequence (5′-3′) 

RT primer miR-21 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCAACA 
F-miR-21 GCCCTAGCTTATCAGACTG 
R-miR-21 TGCAGGGTCCGAGGTA 

Taq-Man Probe-miR-21 FAM-TGTTGAGTCGTATCCAGTGCG-BHQ1 
F-GAPDH GCTTCGCTCTCTGCTCCTC 
R-GAPDH CGACCAAATCCGTTGACTCC 

 
 



Phenol Based RNA Isolation is the Optimum Method for Study of Gene Expression … 

229 

of the isolated RNA as a template for cDNA synthesis. 
For evaluation of miR-21, specific stem-loop RT primer 
(Table 1) (0.375 µM) was used for cDNA synthesis 
according to RevertAid instruction. 50 ng of total RNA 
was used for cDNA synthesis of miR-21. 
 
Quantitative RT-PCR  

All primers and probes were designed by AlleleID 6 
software (Table 1). For quantification of GAPDH, PCR 
reactions (20 µl) were composed of 10 μl 2X RealQ 
Plus MasterMix Green (Ampliqon, Denmark), 0.8 μl of 
each primer, 2 μl first-strand cDNA template (1:2 in 
distilled water) and 6.4 μl distilled water. PCR reactions 
for quantification of miR-21 were consisted of     10 μl 
2X RealQ Plus MasterMix for Probe (Ampliqon, 
Denmark), 0.8 μl of each primer, 0.5 μl probe, 2 μl first-
strand cDNA template (1:2 in distilled water) and 5.9 μl 
distilled water. Thermocycling parameters were applied 
according to manufacturer’s recommendation using 
Rotor-Gene Q instrument (Qiagen). 
 
Statistical analysis 

Normality of data in each experimental group was 
appraised using Kolmogorov–Smirnov method. 
ANOVA was used to compare findings between 

different methods. Statistical analysis was     performed 
by GraphPad prism 7.01 software. P-values < 0.05 were 
considered as significant.   

 

Results 
RNA concentrations were significantly higher in 

method 1 (219 ± 62.8 ng/µl) and 2 (235.6 ± 42.6 ng/µl) 
when compared with method 3 and 4 (Table 2). Purity 
indices (260/280 and 260/230 ratios) did not reveal any 
significant differences among different isolation 
methods (Table 2). RT-PCR of GAPDH as a 
housekeeping gene indicated positive and specific 
amplification in all five samples (A-E) of method 1 but 
only in one of the samples of methods 2 and 3; specific 
PCR products were detected (Table 3).  

Extensive RNA degradation during isolation in 
methods 2-4 may reason unfavorable results of GAPDH 
expression. It has been demonstrated that miRNAs are 
relatively stable RNA species of urine [11]. Therefore, 
we appraised the expression of miR-21 in our samples. 
Contrary to the expression of GAPDH, miR-21 was 
detected in most of samples (Table 4). Interestingly, 
miR-21 was identified in significantly higher levels in 
RNA samples processed in method 1 (Figure 1).   

 
Table 2. Concentration and purity of RNA in different isolation methods 

 RNA Concentration (ng/µl) 260/280 
Absorbance 

260/230 
Absorbance 

Trizol (Method 1) 219 ± 62.8 1.34 ± 0.03 0.31 ± 0.04 
Modified Trizol (Method 2) 235.6 ± 42.6 1.33 ± 0.04 0.3 ± 0.03 
Column (Method 3) 35.5 ± 21.6a,b 1.31 ± 0.38 0.16 ± 0.07 
Trizol-Column (Method 4) 19.2 ± 1a,b 1.32 ± 0.02 0.46 ± 0.02 

a, significant difference with Trizol method. 
b, significant difference with modified Trizol method. 

 
Table 3. Comparison of mean of Ct values for expression of GAPDH mRNA in repeated aliquots isolated by different methods 

 Trizol 
(Method 1) 

Modified Trizol 
(Method 2) 

Column 
(Method 3) 

Trizol-Column 
(Method 4) 

A 22.99 ± 0 24.04 ± 0.15 ND ND 
B 26.45 ± 0.29 ND ND ND 
C 26.47 ± 0.26 ND ND ND 
D 29.97 ± 0.09 ND ND ND 
E 21.26 ± 0.21 ND 26.74 ± 0.18 ND 

ND, not detected 
 

Table 4. Comparison of mean of Ct values for expression of miR-21 in repeated aliquots isolated by different methods. 
 Trizol 

(Method 1) 
Modified Trizol 

(Method 2) 
Column 

(Method 3) 
Trizol-Column 

(Method 4) 
A 22.15 ± 0.05 24.1 ± 0.23 ND 32.93 ± 0.11 
B 21.3 ± 0.1 31.73 ± 0.1 ND 32.73 ± 0.07 
C 26.65 ± 0.24 37.29 ± 1.12 33.17 ± 0.88 33.5 ± 0.68 
D 30.47 ± 0.18 35.95 ± 0.92 ND 33.75 ± 0.64 
E 20.34 ± 0.18 35.76 ± 1.48 29.25 ± 0.44 33.52 ± 1.14 

ND, not detected 
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Discussion 
Assessment of gene expression in urinary sediment 

would provide an ideal non-invasive alternate marker 
for different renal diseases [12]. Quantification of 
expression levels of mRNAs could be utilized as more 
suitable experimental tool in comparison with protein 
assessment especially for renal diseases as it is not 
affected by glomerular filtration and tubular 
reabsorption [12]. However, isolation of RNA from 
these valuable samples with appropriate integrity and 
concentration, as a critical step for reliable discovery of 
biomarkers, should be addressed. In the current study, 
we isolated RNA from identical aliquots of five samples 
using four different methods. Although the simplicity 
and time of isolation methods are important factors, 
achieving high quality and quantity RNA are superior 
criteria for selection of an isolation technique. 
According to our experience, the yield of RNA isolation 
from urinary sediment is very low and varies based on 
individual differences; therefore choosing a method 
with acceptable recovery is useful and essential. The 
highest concentration of RNA was isolated from method 
1 (TRIzol) and 2 (modified TRIzol), but much lesser 
amount of RNA was recovered from method 3 (column-
based isolation) and 4 (TRIzol and column). Generally, 
phenol based isolation strategies (method 1 and 2) 
provide higher yield than column based isolations, but 
phenol and other agents may be co-precipitated with 
RNA [13]. Co-precipitated compounds can be cause of 
misleading results by their inhibitory properties in 
downstream reactions. Furthermore, maximum 
absorbance of phenol at   260 nm may overestimate 
RNA concentration. Alternatively, the most 

reproducible results can be attained by column based 
isolations which are less sensitive to personnel’s skill 
and experience.  

Measuring the concentration of isolated RNA just 
provide a rough estimation about RNA. Suitable 
integrity and being free of inhibitors are critical 
elements with significant effects on RT-PCR findings. 
In this study, we used same amount of RNA for cDNA 
synthesis and compared the expression level of GAPDH 
mRNA. Surprisingly, only isolated RNAs from method 
1 revealed acceptable results and other methods almost 
failed for a specific amplification. Method 2 has been 
successfully used for isolation of miRNA-enriched total 
RNA from granulosa cells [10, 14] but did not indicate 
any superiority for urine sediments which could be 
owing extensive degradation of RNA. Recently, 
miRNAs have been the subject of increasing number of 
studies which tried to illustrate a significant connection 
between physiopathology of renal disorders and 
dysregulation of miRNAs in urine sediment [15, 16]. 
Notable stability of miRNAs in urine sediment provided 
encouraging opportunities for discovery of biomarkers 
[11]. We also evaluated the expression level of miR-21, 
which showed to be clearly higher in samples of method 
1. It was predictable that column methods (3 and 4) may 
loss significant fraction of miRNAs due to the structure 
of silica membranes, but for method 2 it may imply that 
prolonged incubation time and high centrifuge force 
could damage RNA integrity of urine sediment. It was 
highlighted that RNA concentration on itself is not 
sufficient to judge about the applicability of a RNA 
isolation protocol. TRIzol with basic protocol, which is 
a straightforward procedure with short incubations and 

 
Figure 1. Mean of Ct vales for each isolation method. Significant higher expression of miR-21 (reduced Ct value) was noticed in 
Trizol group (method 1) versus modified TRIzol (method 2) and TRIzol-column (method 4) groups. * P < 0.05. 
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centrifuge times, should be considered as an optimized 
method for isolation of RNA from urinary sediment 
cells.    
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