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Abstract
Objective: Optimal quality and quantity of extracted RNA is the first step in molecular biology analysis and investigation.
In this way, several methods have been proposed in order to obtain the best quality of RNA in different cases. On the other
hand, RNA extraction from cells and tissues is different.
Materials and Methods: In this study, the effects of 4 common RNA extraction kits including Trizol, AccuZol, Ribozol and
TriPure and also the effect of RNAlater and liquid nitrogen were compared and studied on 50 breast cancer and 50 gastric
cancer tissues. Remarkably, the quality of the extracted RNA was investigated using real-time PCR TaqMan assay on HER2
gene.
Results: The results showed better relative quality of extracted RNA with Trizol kit compared to other kits in this study.
Conclusion: Conspicuously, fewer amount of tissues between 10 to 30 mg lead to gain a much better quality of RNA.
Meanwhile, the expression of HER2 gene indicates a suitable performance of extracted RNA qualitatively and quantitatively.
Notably, GAPDH gene was used as internal control in all samples.
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Introduction
The first step in gene expression and molecular research
study is having a good purity and quality of extracted
RNA (1,2). Relatively, RNA has an unstable and sensitive
structure in comparison with DNA. RNase enzyme
can degrade RNA easily. In this account, compatible
RNA extraction techniques with high quality in many
applications have been considered with much attention
recently (3,4). The RNA extraction from various tissues
and cells is different and is associated with their certain
situations. Therefore, optimization of the extraction of
RNA from animal and human tissues (especially cancerous
tissues) is specifically challenging and important in some
cases (5,6). As it was mentioned, the expression level of
RNA is a good indicator of physiological status of cells and
tissues and the accuracy of gene expression measurement
is greatly affected by the quantity and quality of extracted
RNA (7,8). Relatively, success in each analysis (e.g. realtime PCR, microarray etc) is based on the purity and
integrity of extracted RNA and appropriate quantity
(9,10). In recent years, the quality and quantity of RNA
analysis are important parts of studies which are assigned

to different methods of extraction. For example, using
homogenizer or liquid nitrogen in order to grind the
samples can create different quality and quantity of RNA
(11,12). The source of RNA (human, plants, tissues, cells
etc) for extraction affects the quantity and quality of final
product.
Correspondingly, using Trizol commercial solution for
extracting RNA obtain lower quality of RNA compared
with column-based techniques (13,14). Since the
extraction of RNA from human tissue specimens, which
are extremely valuable, is the starting point in studies such
as the study of gene expression. The aim of this study is to
investigate the optimization of RNA extraction methods
in gastric and breast cancer tissues and also the evaluation
of extracted RNA, employing HER2 gene by TaqMan
assay.
Materials and Methods
In order to protect the tissues from RNase activities, all
the surgical tools were placed in a diethylpyrocarbonate
(DEPC) solution for at least 1 hour.
For removing the toxic properties of DEPC solution, all
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the tools and devices were kept in the oven for 3 hours.
After obtaining informed written consent from the
patients, tissues were obtained directly by gastrectomy and
mastectomy in surgery room. Tissues were cut into the
dimensions of a few millimeters apart and then some of
them were put into special pipes called cryotubes and then
they were quickly moved into the liquid nitrogen tank. A
number of other tissues were placed in RNAlater solution
and then all of them were transported to the laboratory.
Finally, all the samples were deep frozen.
All the tissues in the laboratory were ground to a
homogenous powder using a mortar and pestle under
liquid nitrogen, according to the manufacturer’s protocol
and once again it was done by homogenizer set. All the
tissues were divided into 4 groups in terms of value as
follows: 10-30, 30-50, 50-70 and 70-90 mg.

tissues (Table 1) indicated a different data in comparison
with the data obtained for gastric cancer tissues (Table 2).

Quality and Quantity of Extracted RNA
In order to verify the quality of extracted RNA,
electrophoresis was performed on 2% agarose gel in order
to observe the 5, 18 and 28S bands. Then, for quantity
verification, all the RNAs were measured by a NanoDrop
spectrophotometer and their OD was evaluated.
In addition, other variables such as the effects of
coldness, temperature and speed of operation were
evaluated.

The Results of the cDNA and Real Time PCR
In order to ensure the quality and quantity of extracted
RNA, 10 samples were selected for cDNA. In this way,
cDNA kit Quantitect Reverse Transcription was employed
(QIAGEN ,USA). Relatively, 2 ng of extracted RNA of
each sample was used for cDNA synthesis and real time
PCR (ABl, 73000, USA) with TaqMan assay was employed
for each reaction with specific primers for HER2 gene.

cDNA and Real-Time PCR
In order to ensure the quality and quantity of extracted
RNA, 10 suitable samples with high quality and quantity
were selected for cDNA synthesis and real-time PCR
reaction in order to observe the fluctuations of HER2 gene
expression in both gastric and breast cancer tissues.
In this way, cDNA QuantiTect Reverse Transcription kit
(QIAGEN, USA) was employed and 2 ng of RNA was used
and then the PCR reaction was done by real-time PCR
(ABl 7300, USA), TaqMan assay, with specific primers.
The specific primers were designed by Oligo version 7.56
as follows:
The Sequence of HER2 Gene
• Forward> 5’ GAATGGAACTGCATGATCTCC -3’
• Reverse> 5’ ACAGGTGGTGTCACAGGATC -3’
• Probe>FAM-CTCTCTTTGGTGCCGCTGCTCACTAMRA
Statistical Analysis
Statistical analysis of obtained data and results was
analyzed by SPSS statistics software version 16.0 (SPSS
Inc, Chicago, USA).
Analysis of variance (ANOVA) test was used and
P-value of less than 0.05 was considered significant.
Results
Quantitative Analysis of Extracted RNA
The results of OD which were obtained by a
spectrophotometer, Nanodrop set, for cancerous breast
26

Qualitative Analysis of Extracted RNA
The results of using liquid nitrogen (Figure 1), in order
to make powder the gastric and cancerous breast tissues,
in comparison with using homogenizer set instead of
liquid nitrogen and also the maintenance quality of tissues
with RNAlater solution and liquid nitrogen (Figure 2),
electrophoresis of tissues on 2% agarose gel (Figure 3),
quality of RNA in both tissues according to different
amount (Figure 4), the relative quality of RNA samples
with Trizol kit indicates a significant difference (Figure 5)
According to Figure 4, it is concluded that less amount of
tissue can lead to a better quality of RNA due to the lack
of RNase enzyme.

Discussion
Considering that the first step in gene expression is having
a suitable and great quality of extracted RNA, numerous
Table 1. The Quantitative Results of Extracted RNA in Breast Cancer Tissues
The Minimum
Concentration,
ng/µL
458.2

The Maximum
Concentration,
ng/µL

260/280

Mean

SD

2445.6

2.1

1296.73

845.11

RNAlater
solution
liquid
(Figure
Table
2. The Quantitative
Resultsand
of Extracted
RNAnitrogen
in Gastric Cancer
Tissues
The
Maximum
on Minimum
2% agaroseThegel
(Figure 5), quality
Concentration,
Concentration,
260/280
Mean
ng/µL
ng/µL

4), electrop

of RNA in both tis
SD

different amount (Figure 6), the relative quality of RNA sa
465.8
2223.5
2.1
1143.2
728.2
kit indicates a significant difference (Figure 7).
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Figure 4. The samples of RNA extraction from breast tissues (Left) and
cancerous gastric tissues (Right) which were kept in RNAlater and liquid
nitrogen. ABCDE samples were kept in RNAlater and EFGHIJ samples were
kept
in liquid nitrogen. Sample
D in the left figure indicates the size marker.
Right
Left
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research, AccuZol, TriPure, Ribozol and Trizol kits
were investigated and checked and it could be noted that
Trizol had a better relative percentage in comparison to
the other extraction kits. The significant point is that, the
The Results of the cDNA and Real Time PCR
Left
Right
purity of the extracted RNA for making cDNA have a great
importance; it means the higher the quality and quantity
of extracted RNAs without RNAse enzyme, the better the
quality of molecular investigations like real-time PCR.
Remarkably, extracted RNA with better purities and by
Figure 5. RNA extraction from breast tissues (Left) and gastric tissues (Right).
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making cDNA and real-time PCR action on HER2 gene
Figure 3. RNA extraction from breast tissues (Left) and gastric tissues
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Conclusion

It tissues
was found
that gastric cancer tissues have more
Figure 5. RNA extraction from breast tissues (Left) and gastric
(Right).

difficulties in comparison with breast cancer tissues
because of having hard tissues. Trizol extraction kits also
result in a better quality of final product. It is necessary
to mention that a variety of other kits that are used in
research such as kits that we have chosen, are based on
phenol chloroform, however according to their qualities
and also the manufacturer’s instructions which slightly
differ, some of them have somehow a better quality. Less
amount of tissue between 10 to 30 mg have a better quality
because of possessing fewer RNase enzymes.

All bands including 5s, 18s and 28s are determined by electrophoresis on 2%
agarose gel.
Left

Right

Figure
A) 10-30 mg
Left4. RNA Extraction with different amounts.
Right
breast tissue, (B) 30-50 mg breast tissue, (C) 50-70 mg breast tissue,
(D) 70-90 mg breast tissue (Left). (A) 70-90 mg gastric tissue, (B) 5070mg gastric tissue, (C) 10-30 mg gastric tissue (Right).

methods have been studied in this category recently.
However, the way of RNA extraction from the blood cells
Left
Right
is far
different from tissue cells and RNase enzyme
is also
really important in destruction of RNA (14,15). As it has
been found in researches, the purity of RNAs is different
and it can be concluded from different types of the tissues
including adipose, soft and cartilaginous tissues and also
the existence of RNase enzyme. Conspicuously, RNA
extraction from tissue is much more difficult than its
extraction from blood cells. It should also be mentioned that
extraction from cancerous tissues is different and is really
very complicated and unstable (16). Correspondingly, it
is found in this project that RNA extraction from breast
cancer tissues is a little easier compared with that from
gastric cancer tissues. It could be because of the softness
of this types of tissue (17). Moreover, the tissues which
have percentages of fat and adipose tissue will be much
easier to extract RNA from (18). RNA extraction kits are
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