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Background: Sample processing is a crucial step for all types of genomic studies. A major 

challenge for researchers is to understand and predict how RNA quality affects the identifica-

tion of transcriptional differences (by introducing either false-positive or false-negative errors). 

Nanotechnologies help improve the quality and quantity control for gene expression studies.

Patients and methods: The study was performed on 14 tumor and matched normal pairs of 

tissue from patients with bladder urothelial carcinomas. We assessed the RNA quantity by using 

the NanoDrop spectrophotometer and the quality by nano-microfluidic capillary electrophoresis 

technology provided by Agilent 2100 Bioanalyzer. We evaluated the amplification status of 

three housekeeping genes and one small nuclear RNA gene using the ViiA 7 platform, with 

specific primers.

Results: Every step of the sample handling protocol, which begins with sample harvest and 

ends with the data analysis, is of utmost importance due to the fact that it is time consuming, 

labor intensive, and highly expensive. High temperature of the surgical procedure does not 

affect the small nucleic acid sequences in comparison with the mRNA. 

Conclusion: Gene expression is clearly affected by the RNA quality, but less affected in the 

case of small nuclear RNAs. We proved that the high-temperature, highly invasive transurethral 

resection of bladder tumor procedure damages the tissue and affects the integrity of the RNA 

from biological specimens.

Keywords: bladder cancer, transurethral resection, RNA quality, real-time PCR

Introduction
Although bladder cancer is a worldwide epidemiologic concern, it has been poorly 

represented in genomic studies due to the challenges raised by tumor tissue sample 

collection and preservation.1 In Europe, the incidence of this malignancy is 26.9 and its 

mortality is 8.5 in men, with a 5-year prevalence of 52.1%. Bladder cancer in women 

has a lower incidence and mortality of 5.3 and 1.8, respectively, with a 5-year preva-

lence of 52.4%.2 The incidence and mortality values are presented considering the 

age-standardized rate (European) per 100,000 people. The most frequently used surgical 

approach in urinary bladder cancer treatment is transurethral resection of bladder tumor 

(TURBT), having both diagnostic and prognostic value.3,4 It provides important stag-

ing information, facilitating treatment employment, and decreases tumor recurrence.5 

Although it is an invasive technique that requires general anesthesia,4 TURBT remains 

the best strategy to remove all visible lesions from the urinary bladder.6,7

Even though TURBT is important in the management of bladder cancer, it repre-

sents a challenge in biological sample processing, with direct influence on downstream 
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genomic analyses. This technique involves the diathermic 

effect of an alternative high-frequency current delivered to 

the tissue at the tip of a resection loop. By construction, the 

place where the resection loop touches the tissue is the area 

with the highest impedance of the current circuit, where the 

highest heat generation occurs. This high temperature is used 

for tissue cutting and for protein coagulation of the bleeding 

vessels, to reduce excessive hemorrhage. For monopolar sys-

tems, the power delivered to the tissue by the electric current 

passing through the resection loop will be responsible for the 

amount of heat transferred to the tissue.

In order to prevent overheating of the tissue sample and 

minimize the degradation processes, so that they could be 

further histologically or genetically analyzed, the electrical 

power delivered by the electrocautery device needs to be 

strictly controlled. There are several parameters that have to 

be considered and adjusted in order not to overheat the tissue 

during TURBT. These parameters are distance between the 

tissue and the loop, pressure of the loop on the tissue, contact 

surface of the loop, and the intensity of the current passing 

through the loop. Thus, it is necessary to use an electrocau-

tery device with current intensity modulation capabilities. 

Another important parameter is the tension applied at the tip 

of the loop. Hence, there should be a strict correlation, which 

determines the automatic adjustment of lower currents when 

the tension reaches high values, with direct consequences on 

the diathermic effects into the tissue, of ~3–5 mm.8

In order to obtain the optimal quality data that will pro-

vide new relevant information in the prevention, diagnosis, 

prognosis, and treatment of bladder cancer, a suitable qual-

ity and quantity of RNA and small nuclear RNA (snRNA) 

are needed.

Total RNA represents a widely used genomic mate-

rial to evaluate the level of expression by microarrays, 

next-generation sequencing, and quantitative real-time 

polymerase chain reaction (qRT-PCR). It is well known 

that the quantity and quality of RNAs and snRNAs can 

influence the results obtained for different methods used 

for evaluation in genomic studies, like microarrays, next-

generation sequencing, and qRT-PCR. snRNAs, also called 

U-RNAs, are small RNA molecules found in the nucleus of 

eukaryotes and are an important part of the spliceosome.9 

U6 is a snRNA that is used often as a normalizer of miRNA 

expression measurements.10–13 To reduce the level of degra-

dation and obtain an optimal analysis in the gene expression 

studies, there are several methods used for quality assess-

ment of RNA and snRNA, such as nano-spectrophotometric 

methods, nano-electrophoresis, or even qRT-PCR. For the 

nano-spectrophotometric methods, the most widely used 

instrument is the NanoDrop, whose purpose is focused on 

the quantitative evaluation, and it can also provide some 

information about the quality.14 Another method employs 

the use of Agilent 2100 Bioanalyzer (Agilent Technologies, 

Santa Clara, CA, USA), which gives both qualitative and 

quantitative information about RNA.3,15 qRT-PCR methods 

use housekeeping genes for normalization of the genomic 

data and to predict the alteration of biological processes in a 

pathological context or as response to a particular treatment. 

If a high-quality RNA sample is not obtained, specific opti-

mization protocols can be developed for molecular profiling. 

Gene expression normalization is highly important in com-

parison studies of gene expression levels between tissue 

samples. Therefore, the time and methods used for tissue 

sample processing, as well as the storage conditions, are 

very important for molecular biology tests and diagnostic 

assessments.

The present study was performed to establish the influ-

ence of TURBT maneuver on the quality and quantity of 

RNA and snRNA obtained from samples collected after 

surgical removal of bladder tumors.

Patients and methods
Patients
Bladder cancer patients used in this study were diagnosed 

with different stages of urothelial carcinomas (as summarized 

in Table 1), belonged to both sexes, and had ages ranging 

from 51 to 93 years. To be included in the study, all patients 

were given information about the study, and they voluntarily 

signed an informed consent. The inclusion criteria for the 

patients were as follows: to have been diagnosed with urothe-

lial carcinoma and to have undergone a TURBT intervention. 

All their personal data were handled following closely the 

dispositions of the Declaration of Helsinki, as well as up-to-

date EU confidentiality regulations.

Sample collection, processing, and RNA 
isolation
The study and the protocols used in this study were approved 

by the Ethical Committee of the Iuliu Haţieganu University 

of Medicine and Pharmacy, Cluj-Napoca, Romania, with the 

authorization no 673A/20.11.2012. The analyzed samples were 

obtained from patients who underwent primary evaluation/

surgical treatment for urothelial carcinomas, as described by 

the National Comprehensive Cancer Network guidelines. 

We collected tumor and matched normal tissue samples from 

14 patients (ten males and four females) from The Oncology 
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Institute “Prof Dr Ion Chiricuţă”, Cluj-Napoca, Romania. 

This procedure involved the use of general anesthesia, and 

was performed with a Richard Wolf-24 Shark resectoscope 

with a TURBT cutting mode and two different options, one 

monopolar and one bipolar electrocautery device. The power 

used was 90 W for cutting and 70 W for coagulation in the 

monopolar mode and 55 W for cutting and 40 W for coagula-

tion in the bipolar mode. Immediately after resection, tissue 

specimens were collected in RNA-later extraction buffer, 

which is a good RNA integrity stabilizer and ensures a suitable 

reliability for the profiling studies.16,17 This was performed in 

order to increase tissue stabilization during the transport of 

the samples from the pathology department to the investiga-

tion laboratory, which took ~5–10 minutes. Then samples 

were washed with phosphate-buffered saline (PBS; Sigma-

Aldrich, St Louis, MO, USA) and placed in liquid nitrogen 

for 2–3 months until total RNA extraction. The extraction was 

performed with TriReagent (Sigma-Aldrich) using the stan-

dard procedure,18 and the RNA samples were stored at -80°C 

for several months, until further processing.

RNA quantification
The RNA was measured both quantitatively and qualita-

tively. For the quantitative and qualitative evaluation of the 

RNA samples, we used the previously described instruments 

(NanoDrop and Agilent 2100 Bioanalyzer) following the 

specific protocol provided by the manufacturer. The nanochip 

used for evaluating the RNA quality produces electropho-

resis peaks, from which the RNA integrity number (RIN) is 

calculated. The RIN is considered to be the best predictor 

for assessing the integrity of the mRNA molecules. The RIN 

algorithm was calculated for all the normal tissue and tumor 

tissue samples. The RIN is a decimal number ranging from 1 

to 10, where 1 is attributed to completely degraded samples 

and 10 to intact RNA samples with very good quality. The 

main features taken into consideration for RNA quality 

evaluation are the size of the 18S and 28S peaks, the shape 

of these two peaks, the stability of the baseline, the appear-

ance of additional peaks on the electropherogram, and the 

elevation of baseline between the two peaks.19

Quantitative real-time PCR for mRNA
The RNA samples were diluted to a concentration of 

50 ng/μL and then reverse transcribed. The cDNA was 

obtained using the Transcriptor First Strand cDNA Synthesis 

Kit (Hoffmann-La Roche Ltd., Basel, Switzerland) using the 

specific protocol provided by the manufacturer. The real-time 

PCR protocol was conducted using the LightCycler TaqMan 

Master Mix (Hoffmann-La Roche Ltd.), employing the rec-

ommended protocol. The obtained cDNA was diluted 1:10 

(diluent is RNase, DNase free water) and used in the RT-PCR 

with specific primers for each evaluated gene. Each sample 

was analyzed in duplicate on a 384-well plate, which was 

centrifuged briefly and introduced in the qRT-PCR machine 

ViiA 7 (Thermo Fisher Scientific, Waltham, MA, USA) 

using the following program: 1 cycle 10 minutes at 95°C, 

40 cycles 1 second at 95°C and 20 seconds at 60°C. The 

sequences of the primers used were as follows: β-actin for-

ward primer: 5′-GCTATGAGCTGCCTGATGG-3′, reverse 

primer: 5′-GGCTGGAAAAGAGCCTCG-3′; GAPDH 

forward primer: 5′-CCCCGGTTTCTATAAATTGAG-3′, 
reverse primer: 5′-CACCTTCCCCATGGTGTCT-3′; 18S 

forward primer: 5′-CTCAACACGGGAAACCTCAC-3′, 
reverse primer: 5′-CGCTCCACCAACTAAGAACG-3′. 

Table 1 Clinical data of the patients enrolled in the study

Sex Patient 
number

Age
(years)

TT/TN 
matched pairs

Histopathological diagnosis Histopathological 
stage

Cutting 
power (W)

Male 1 75 Yes Low-grade papillary urothelial carcinoma pTis 55
2 79 Yes Low-grade papillary urothelial carcinoma pTa 90
3 71 Yes High-grade papillary urothelial carcinoma pTa 90
4 68 Yes Low-grade papillary urothelial carcinoma pT1 90
5 62 Yes High-grade invasive urothelial carcinoma pT1 90
6 59 Yes High-grade urothelial carcinoma pT1NxMx 90
7 82 Yes High-grade urothelial carcinoma pT2 90
8 61 Yes High-grade papillary urothelial carcinoma pT2b 55
9 93 Yes High-grade urothelial papillary carcinoma pT2 90
10 65 Yes High-grade urothelial papillary carcinoma pT2 55

Female 11 72 Yes Low-grade papillary urothelial carcinoma pTa 90
12 54 Yes Low-grade papillary urothelial carcinoma pTa 90
13 51 Yes Low-grade noninvasive papillary urothelial carcinoma pTaG1 90
14 64 Yes Low-grade papillary urothelial carcinoma pTa 55

Abbreviations: TT, tumoral tissue; TN, normal tissue.
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The corresponding Universal probe library (UPL)-probes 

(Hoffmann-La Roche Ltd.) were as follows: GAPDH probe 

68, 18S probe 77, and β-actin probe 9.

Quantitative real-time PCR for U6 
expression
For evaluating U6 expression, cDNA was synthesized start-

ing from 16 ng/μL total RNA using the TaqMan Reverse 

Transcription Kit (Thermo Fisher Scientific, Waltham, MA, 

USA) using the manufacturer protocol. The samples were 

placed into a PCR machine with the following program: 

30 minutes at 16°C, 30 minutes at 42°C, 5 minutes at 85°C, 

and then an infinite hold at 4°C. The cDNA was diluted 

and further used for the qRT-PCR experiment. The qRT-

PCR evaluation was done in a LightCycler480 instrument 

(Hoffmann-La Roche Ltd.), in a 10 µL reaction volume using 

the SsoFast Supermix (Bio-Rad Laboratories Inc., Hercules, 

CA, USA) and specific primers for U6. The program for the 

qRT-PCR experiment was as follows: 3 minutes at 95°C, 

5 seconds at 95°C, and 30 seconds at 60°C; the last two steps 

were repeated 45 times. All the sample analyses were per-

formed in duplicate. The U6 primer sequence was as follows: 

forward primer: 5′-CTCGCTTCGGCAGCACA-3′, reverse 

primer: 5′-AACGCTTCACGAATTTGCGT-3′.

Results
Quantitative evaluation of nucleic acids
After total RNA was extracted from both tumor and normal 

tissue samples, RNA purity was assessed by NanoDrop. We 

obtained concentrations between 49.6 and 1,312.35 ng/μL, 

with 260/280 ratios ranging from 1.67 to 2.05, with 77.7% 

of the values being over 1.8 and with an average of 1.85. 

The 260/230 ratios ranged from 0.31 to 2.53, with 83.3% of 

the values being over the theoretically expected range and 

having an average of 1.78 (Table 2).

No difference between the RNA extracted from normal 

and tumor samples was observed. A ratio of absorbance 

greater than 1.8 for both 260/280 nm and 230/260 nm is 

accepted as an RNA purity indicator.

Qualitative assessment
The qualitative evaluation of RNA was performed by using 

a visual method based on RNA electrophoresis with the 

Agilent 2100 Bioanalyzer. The data generated by this system 

automatically provide the 28S/18S ratios for all the samples. 

The RIN values for the studied samples are presented in 

Table 2. In Figure 1, the electropherograms for four of the 

tested samples are presented, and the electropherograms of 

all the samples are presented in Figures S1 and S2. Eight of 

the analyzed samples were in the theoretically desired range 

for good quality samples, having a RIN value over 7.3

Gene expression assay
cDNA synthesis was performed based on an equimolar con-

centration of RNA. The input cDNA was similar in all wells 

of the plate; therefore, the results were expected to show a 

standard deviation lower than 0.3 for threshold cycle (C
T
), 

which indicates the absence of PCR inhibitors.

For 18S and GAPDH, the results were lower than 0.3, 

but not in the case of β-actin. Two technical replicates were 

used for each sample in the experiment, and the mean dif-

ference between replicates was ±0.1 for 18S and GAPDH 

(Figure 2A and C). In the case of β-actin, the results did not 

meet the aforementioned criteria, as can be observed from 

the amplification curves in Figure 2B. All the tested genes 

showed measurable gene expression, and the raw C
T
 values 

ranged from 14.68 to 38.05, with the mean C
T 
values for all 

Table 2 NanoDrop and Bioanalyzer data for the samples used 
for RT-PCR evaluation

Sample Tissue 
 type

NanoDrop Bioanalyzer

260/280 260/230 RIN

6 TT 2.00 2.10 8.9
8 TN 1.80 2.16 8.0
6 TN 1.93 2.29 7.9
11 TT 1.70 2.13 7.9
2 TT 1.87 2.23 7.3
9 TT 1.89 1.43 7.3
2 TN 1.82 2.27 7.2
12 TN 1.67 2.09 7.1
3 TN 1.81 2.21 6.0
9 TN 1.91 0.94 5.8
7 TN 1.90 2.20 5.7
11 TN 1.90 1.95 5.7
3 TT 1.86 2.15 5.3
8 TT 1.84 2.34 4.8
12 TT 1.92 2.00 4.0
13 TN 1.76 2.26 3.8
13 TT 1.83 2.22 2.9
10 TT 1.92 1.12 2.9
4 TN 1.85 2.12 2.6
5 TT 1.91 2.08 2.6
14 TN 1.87 1.74 2.6
5 TN 1.67 1.42 2.6
7 TT 1.92 2.21 2.5
4 TT 1.77 2.53 2.4
14 TT 1.89 2.18 2.4
1 TN 1.92 0.66 2.3
10 TN 1.94 0.45 1.8
1 TT 1.91 0.31 1.2

Abbreviations: RT-PCR, real-time polymerase chain reaction; TT, tumoral tissue; 
TN, normal tissue; RIN, RNA integrity number.
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Figure 1 Electropherograms for four RNA samples.
Notes: The top electropherograms show good quality samples, while the bottom electropherograms show degraded samples (Y-axis, fluorescence intensity in fluorescence 
units [FU]; X-axis, migration time in seconds).
Abbreviations: TT, tumoral tissue; TN, normal tissue; RIN, RNA integrity number; s, seconds.

∆ ∆

∆

Figure 2 Amplification curves.
Notes: (A) Amplification curves of the normal and tumor samples after evaluating the housekeeping gene GAPDH; (B) amplification curves of the normal and tumor samples after 
evaluating the housekeeping gene β-actin (here no plateau was reached); (C) amplification curves of the normal and tumor samples after evaluating the housekeeping gene 18S.
Abbreviations: ΔRn, normalized reporter value; TT, tumoral tissue; TN, normal tissue.

tested samples being 29.27 for GAPDH, 27.67 for β-actin, 

and 17.94 for 18S.

U6 evaluation pattern 
U6 evaluation pattern was assessed by qRT-PCR technology 

in tumor and normal bladder cancer samples with different 

degradation ratios. The C
T
 values ranged from 16.38 to 22.5, 

and the mean C
T
 value was 19.12 (Figure 3).

Correlation between gene expression 
and U6, and quality control parameters
To evaluate the effect of RNA quality on the gene expression 

and U6 expression, different correlations were performed.

A positive correlation between the RIN and C
T
 values 

was observed for all the three tested genes. In the case of 

GAPDH, β-actin, and 18S, a statistically significant cor-

relation was observed when applying the Student’s t-test, 
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with a P-value of 0.0013, 0.0001, and 0.024, respectively 

(Figure 4). When analyzing the correlation between the ΔC
T
 

value and the RIN, the results obtained were similar to those 

from the analysis of the C
T
 values and RIN for the mRNA 

expression profiles.

For U6, a significant negative correlation between the 

RIN and its C
T
 value was observed, with a P-value of 0.0107. 

The correlation between U6 and the RIN is a weak correlation 

keeping in view the r-value (-0.457) that was obtained.

When analyzing the data according to the 260/280 

and 260/230 ratios and correlating them with the C
T
 val-

ues of the three genes tested, we observed a statistically 

significant correlation between the 260/230 ratio and the 

C
T
 values of GAPDH with a P-value of 0.006, and no sta-

tistically significant correlation for the other tested genes 

(Figure 5A and B).

Discussion
Several factors can influence the quality of RNA and snRNA 

samples from human tissue, beginning with the sampling 

procedure and the time between sample collection and proper 

tissue storage. In spite of the fact that TURBT is a surgical 

procedure that reduces the invasiveness of tumor resection, it 

significantly affects the quality of the tissue, but has the advan-

tage of a low recurrence rate.20 This procedure is associated 

with a higher degree of necrosis, leading to poor RNA quality, 

due to RNA degradation at high temperatures. Processing of 

samples obtained by TURBT for genomic studies remains 

challenging due to the reduced tissue sample sizes21 and poor 

quality of these biological specimens.20 In order to protect 

the tissue sample from overheating, it is important to adjust 

the monopolar cautery to the minimum electrical tension 

to minimize the depth effect. Also, the cautery has to be 

adjusted in such a manner so as to obtain proper coagulation. 

It is also important to work with an electrocautery device 

that is able to generate constant electrical currents.22 Even 

though the hemostasis is not efficiently controlled after the 

tissue harvesting procedure, it is important to maintain a low 

working tension of the loop, in order to protect the speci-

men. After the specimen is carefully extracted, homeostasis 

can be achieved.23 The resection systems based on bipolar 

coagulation are less likely to affect the tissue sample from a 

thermic point of view. A simple decrease of power to 60 W 

or less is enough to protect the tissue specimen, making the 

thermic damage less than 0.5 mm.22,23

The reliability and reproducibility of genomic data are 

ensured by the integrity of the RNA used for the assays. Con-

sequently, for working with biological material that has been 

partially degraded during the surgical procedure, supplemen-

tary testing methods were developed for the assessment of 

nucleic acid quality.24 A decline in the 28S/18S ribosomal 

RNA (rRNA) signal ratio coupled with an elevated baseline 

signal of the 5S, 18S, and 28S rRNA peaks is a good indicator 

of a progressive RNA degradation process. Being an unstable 

variable, the 28S/18S ratio should not be taken as an absolute 

measure for the evaluation of RNA integrity.3

Nowadays, RNA integrity can by evaluated through inno-

vative methods, like the OD measurements via NanoDrop 

and nanochip electrophoresis used by the Agilent 2100 

Bioanalyzer. The NanoDrop is a UV/vis spectrophotometer 

that can be used for sensitive quantification of RNA. The 

major advantage of this technology is the low sample vol-

ume of 1–2 μL required for the evaluation. This is essential 

when using valuable materials such as samples obtained from 

biopsy or laser dissection,25 which usually are obtained in very 

small quantities. Since the sample is not placed in a secondary 

vessel, but directly on the system’s optical sensor, it reduces 

a lot of variables and contaminating factors. Quantity and 

quality assessments using a spectrophotometer are performed 

at different wavelengths, and the data are expressed as ratios 

Figure 3 Amplification curves of the normal and tumor samples after evaluating the 
U6 gene expression.
Abbreviations: ΔRn, normalized reporter value; TT, tumoral tissue; TN, normal 
tissue.

∆

Figure 4 Correlation between the RIN and CT values of the three housekeeping 
genes and U6.
Note: *P0.01, **P0.001, ***P0.0001.
Abbreviations: RIN, RNA integrity number; CT, threshold cycle.

β
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of the values obtained from these measurements. Therefore, 

the A260/280 ratio is an indicator of protein contamination 

and the A60/230 ratio is a guide for the presence of residual 

contamination with organic compounds.26

These two ratios reflect the purity of a sample without giv-

ing information regarding the integrity of the RNA sample, 

so a more sensitive evaluation technique is required. In our 

study, we used the technique designed by Agilent Technolo-

gies, which is based on nucleic acid electrophoresis followed 

by laser-induced fluorescence detection. Because all the 

events take place on a microfabricated chip, this method 

requires only a small amount of RNA sample. The system 

also offers several methods of analyzing the data that are 

automatically generated by the Agilent 2100 Bionalyzer 

software (Agilent Techologies, Santa Clara, CA, USA). One 

of them is the 28S/18S rRNA ratio, but it is not completely 

foolproof due to the fact that it relies on the calculation of area 

measurements on the electropherograms and is consequently 

dependent on the start and end points of the peaks.27 A more 

dependable tool is the RIN value, because the algorithm that it 

uses is based on multiple features.19 To ensure reproducibility 

of the experimental procedures and reliability of the results, 

it is mandatory to verify nucleic acid integrity, especially in 

the case of RNA.26,28

Tissue quality was also checked in pathology slides, 

confirming our supposition that burned tissue leads to low 

RNA quality, due to the surgical approach used in bladder 

tumors. Figure 6 presents the hematoxylin–eosin coloration 

images, at a 200× magnification, of two tumor samples with 

RIN values over 7 (Figure 6A and B), and two tumor samples 

with RIN values under 3 (Figure 6C and D). Figure 6A and 

B shows very well-preserved tissue with only 5%–10% 

thermal degradation, whereas Figure 6C shows large areas 

of mucosal ulceration with an overall small size of tissue. 

In Figure 6D, the large tumor fragment presents extensive 

thermally generated artifacts covering more than 20% of the 

tumor area. These are possible explanations for the low RIN 

values of the samples, which correlate with the low quality 

of the nucleic acids, especially RNA.

In our study, there was no relevant correlation between 

the power used for TURBT and the integrity of RNA, 

which means that the RNA integrity was affected by other 

preanalytical factors during the surgical procedure used for 

resection, like the working tension that was used or the time 

needed for resecting the tumors. Several studies have shown 

no significant difference between the use of monopolar and 

bipolar devices for TURBT in terms of histopathological 

diagnosis and presence of tumor artifacts (TAs).29–31

Mashni et al observed in their study that there are fewer 

considerable TAs in the case of bipolar instruments than 

when using monopolar instruments, but in both cases, there 

are samples that show less TAs and that could easily be used 

for diagnostic proposes.32 In their study on bladder cancer 

repositories, Sapre et al showed that the specimens obtained 

by standard electrocautery presented lower RIN values than 

those obtained by cold cup biopsy. A cold cup biopsy is used 

mainly for sampling bladder tissue. This type of biopsy uses 

a flexible forceps provided with a cup-shaped structure that is 

introduced into the bladder by means of a specially designed 

endoscope. For the standard technique, they observed a 

mean RIN value of 2.8, while for the cold cup biopsy it was 

9.7.33 Huang et al34 demonstrated, on normal mucosa from 

a human colon cancer specimen, that the majority of RNA 

alterations taken into account as experimentally meaningful 

occurred after 20 minutes of tissue ischemia.35 The tissue 

type, the surgical technique used, the sampling method, and 

the RNA extraction protocol are other factors that influence 

the quality and quantity of RNA and snRNAs. In our study, 

Figure 5 Correlation between the qRT-PCR and NanoDrop measurements.
Notes: (A) Correlation between the 260/280 ratio and the mRNA and U6 gene expression; (B) correlation between the 260/230 ratio and the mRNA and U6 gene 
expression. **P0.001.
Abbreviation: ; CT, threshold cycle.
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the TURBT used for resection and cauterization of bladder 

tumors appeared to have had great impact on the quality of 

RNA and snRNAs.24 RNA presents an intrinsic susceptibility 

to RNases, as well as chemical instability, as it is compro-

mised by base- or enzyme-catalyzed hydrolysis.

The degree of integrity is important, especially for 

hybridization-based techniques like microarrays, where there 

are no amplification steps as in the case of qRT-PCR. The 

quality of the RNA samples influences C
T
 values for gene 

expression, and in the case of snRNAs, one should take into 

account the overestimation of the snRNA fraction due to the 

degradation processes. Therefore, the evaluation of RNA qual-

ity and integrity is an eliminatory step in achieving significant 

data. Many endogenous and exogenous factors contribute to 

bad quality data, so one must be very careful and comply with 

all the tissue sample preservation, storage, and RNA extraction 

conditions and standard protocols.3 The qRT-PCR data show 

that the amplification results for all housekeeping genes are 

not directly related to sample quality. From our results, we 

established that the Agilent 2100 Bioanalyzer mRNA quality, 

which evaluates only the 18S and 28S integrity, is not directly 

related to the qRT-PCR amplification results. The use of par-

tially degraded bladder tissue is sustained by other research 

groups like Mengual et al,36 Haller et al,37 and April et al.38

In some limited situations like the case of bladder cancer, 

reliable gene expression studies can be performed even when 

using degraded biological material, but this depends on the 

length of the amplicons and the proper use of normalization 

algorithms.39 One of the endogenous factors is the mRNA 

structure. It is well known that mRNA molecules rich in 

GC nucleotides present a shorter life, so the PCR results 

will depend on the primary structure of the mRNA. This is 

mainly affected by sample collection methods and by the 

fact that the tissue is cauterized during TUBR. Although the 

information provided by the NanoDrop and Agilent 2100 

Bioanalyzer is not infallible and does not guarantee the 

success of downstream experiments, it still provides a good 

understanding of where the samples stand in terms of RNA 

integrity and purity, and it can give the researchers an idea 

about the success of subsequent experiments.

The accuracy of qRT-PCR depends on the selection of 

the optimal housekeeping gene, based on the most stable 

expression level of the gene for a particular tissue.40  All 

housekeeping genes should be assessed under particular 

experimental conditions for gene profiling to certify a stable 

level of expression.41

Kasahara et al observed that there is a more pronounced 

decrease of β-actin expression, which starts earlier, than the 

decrease of the 28S/18S ratio. They also noticed that there 

is a strong correlation between the expression of this gene 

and the 28S/18S ratio, while there is no correlation between 

the β-actin expression level and the OD260/280 ratio.16 The 

same reasoning can be applied to our case, where it seems that 

the expression levels of β-actin are more affected than those 

Figure 6 Hematoxylin–eosin stain images of tumor cells from two patients with RIN .7 and two patients with RIN ,2.
Notes: (A) Patient V6 RIN 8.9; (B) patient V11 RIN 7.9; (C) patient V1 RIN 1.2; (D) patient V14 RIN 2.4. The magnification is 200×.
Abbreviation: RIN, RNA integrity number.
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of the other housekeeping genes. This fact could be used for 

gene expression studies, and the C
T
 values of β-actin can be 

used as a quality indicator of mRNA degradation. Timofeeva 

et al also demonstrated that RNA stability can vary exten-

sively between different genes.42 To minimize the effect of 

preanalytical and analytical variances on qPCR performance, 

it is important to select the most relevant housekeeping gene 

for bladder cancer, with minimal variability, particularly for 

the case of degraded tissue.43

Viana et al showed in their study on 200 tissue samples, 

preserved at room temperature for 30 and 45 minutes, that 

the number of samples with degraded RNA doubled in the 

case of the samples kept at room temperature for 45 minutes 

compared to the other group. Also, they observed that the 

RNA degradation is tissue specific: thyroid and colorectal 

samples showed the highest degree of degradation, while lung 

and stomach samples presented the lowest.44 Another study 

on breast cancer samples showed that the use of the RIN 

value for the evaluation of RNA degradation is better than 

the 18S/28S ratio, and that degraded samples can affect the 

outcome of gene expression studies.45 Hatzis et al observed 

that RNA-later extraction buffer is better for the collection 

of small breast cancer biopsies that snap freeze. The RNA 

showed higher yield and quality, for use in gene expression 

and microarray assays, in the case of samples stored in RNA-

later buffer.46 Another study showed that it is very difficult to 

find a good normalizer for the evaluation of gene expression 

due to the heterogeneity of tissue samples.47

Expression levels of mRNA and U6 were evaluated in 

order to give a better understanding of the influence of the 

RNA quality on the real-time PCR protocol. For mRNA, we 

obtained a positive correlation, and for U6, we obtained a nega-

tive correlation between the RIN and the C
T
 values (Figure 4). 

Similar results were observed in earlier studies of Fleige et al24 

and Becker et al.48 When comparing the slope of the correla-

tion of RIN to C
T
 values for mRNA and U6, we observed that 

the slope is lower in the case of U6 (0.987 vs 0.243), which 

can mean that the degradation is lower in the case of U6. This 

can be explained by the length of the U6 sequence. As can be 

observed, U6 was evaluated without problems for the degraded 

samples, but it should be done by using correction for data 

analysis, confirmed also by Jung et al in a similar study on 

cell lines and normal and tumor prostate tissue.49

Conclusion
Our data confirm that degraded total RNA can be used in profil-

ing studies, especially in the case of snRNA evaluation, while 

taking into account the overestimation of the snRNA fraction 

by weighing it against the total RNA extracted from samples. 

The present data suggest that RNA is able to offer information 

regarding gene expression and snRNA evaluation using qRT-

PCR, even from degraded samples. When conducting gene 

expression studies, it is more suitable to select a panel of genes 

for normalization. For gene expression studies, GAPDH and 

18S proved to be more suitable normalizers than β-actin. For 

snRNA studies, U6 seems to be a good normalizer.

In this context, it is important to minimize the errors 

introduced by technical means, based on the fact that 

sample degradation caused by preanalytical sources related 

to the method of tumor resection, like TURBT, cannot be 

minimized. This is an example that certain approaches like 

qRT-PCR can tolerate partially degraded RNA, while still 

generating reliable data.
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Figure S2 Electropherograms of the tested samples (11–14).
Notes: Y-axis, fluorescence intensity in fluorescence units (FU); X-axis, migration time in seconds (s).
Abbreviations: TT, tumoral tissue; TN, normal tissue; RIN, RNA integrity number.
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