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The reliability of gene expression profiling, bagedhnologies and methods to find transcriptiontiecknces

representative of the original samples is influehlog the quality of the extracted RNA. Hence, RNd&raction

is the first step to investigate the gene expresaial its function. Consequently, the quality afasted RNA is

really significant. Correspondingly, this reseaveds accomplished to optimize the RNA extractionhods and

compare the amounts of tissue or quality of tisRedatively, the cancerous tissue of human stonmadresh

and frozen conditions and also the mouse freshdisgere studied. Some factors like the amount oipseas,

efficacy differences of diverse extraction bufffsiPure, Trizol) and also the efficacy of b-mertsgihanol

were compared and investigated. The results ingliicttat the less amount (1-2 mg) compared to @imeunts
(2-5 mg, 5-15 mg) yielded the best quality and RA bands (5S, 18S, 28S) were observed perfectly.
Relatively, comparing and measuring some kindsuifelos (Trizol, TriPure) indicated no difference RNA

extraction quality. The last investigated factorswhe effect of b- mercaptoethanol which was usedgawith

TriPure to remove the RNAse. Conclusively, no dffecimpression was observed.
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The development of protocols for RNA
extraction from tissue samples facilitates gene
expression studies on all kinds of samples (paraffi
embedded, fresh and frozen) with known clinical
and practical conclusion (1). Correspondingly, for
many years, human tissue samples acquired upon
surgery have been routinely fixed in formalin and
embedded in paraffin for long- term storage or

(2). Consequently, most research and/ or medical
centers have important tissue archives allowing
molecular study and long-term follow up of many
kinds of neoplasms or even unique tumors. One
major restriction of formalin-fixed paraffin-
embedded samples for gene expression profiling is
the high instability of RNA which can easily be

degraded prior to formalin fixation, making RNA

frozen and in some cases have been used freshly extraction from such samples a problematic
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challenge (3). Moreover, formalin fixation creates
cross-linking between nucleic acids and proteins
and adds mono-methyl to amino groups of all RNA
(N-CEDH);

methylene bridging between neighboring bases (N-

bases leading consequently to
CH,-N), creating therefore another barrier to further
transcriptomics investigation (4).

Immediate freezing of fresh tissue samples
preserves good quality RNA for gene expression
studies. However, this procedure is not routinely
performed in most hospitals, therefore limiting the
number of valuable large frozen tissue biobanks
worldwide. Conspicuously, frozen tissue bank
containing tumor samples may be biased in their
collection as such tumors must be sufficiently éarg
and palpable in order to allow tissue excision and
freezing for the bank collection (5). Correspon-
dingly, there are many documented procedures for
nucleic acids extraction among which using Kkits is
becoming the most universal one. In this account,
there are currently multiple commercially available
kits. In most of them, the RNA is extracted by spin
column purification according to similar basic
principles: deparaffinization (if previously pariaff
embedded) followed by cell disruption with
proteinase K, which is capable of efficiently
degrading proteins that were covalently cross-
linked with each other and RNA, thereby allowing
more efficient RNA extraction than achieved by the
use of chaotropic agents such as guanidinium salt
(6). After proteinase K incubation, RNA is isolated
by alcohol precipitation and use chaotropic salt
such as guanidinium thiocyanate or guanidinium
chloride in a spin column purification step (7).

Remarkably, RNA extraction methods from
tissue samples are the key components of

downstream molecular profiing of tumors,

especially in cancer biobanking for further

transcriptome analysis either for research or
diagnosis. A major limitation of current routinely

used procedures is that many of them are not
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developed and/ or validated for the RNA extraction
from tissue samples. Contrary to blood or cell
culture samples, tissue samples are often
heterogeneous and may vary in composition. Indeed
some tissues such as breast may have a high fat
content and low cell number, while others like
muscle might be very fibrous or may have high cell
density like liver samples. It is therefore not
recommended to use a universal extraction
procedure for all tissue types (8). The quality of
RNA extracted from tissues may also be variable
and depends on many factors, including time of
removal from the patient to freezing or fixation,
tissue thickness and storage conditions (9). When
possible, it is recommended to use fresh frozen
tissue for extracting RNA of high integrity (3, 10)
The aim of this study was to optimize RNA
extraction method and compare the tissue quality

and quantity.

Materials and methods

Tissues

Twenty samples of human gastric tumors and
20 samples of mouse muscle and liver in different
amounts (1 to 15 mg) were chosen for RNA
extraction. All human specimens were collected in
frozen and fresh conditions and transferred by
nitrogen tank from surgery room to the laboratory
directly. DEPC
carbonate) was used for removing the RNase for all

Relatively, (Diethylpyruvate
surgery sets.
RNA extraction

Firstly, liquid nitrogen was added and the
samples were ground separately. Then, either 1 ml
Trizol reagent (Invitrogen, USA) or 1 ml TriPure
(Roche, USA) was added. Upon completion of the
the
transferred to empty RNase free falcon tubes stored

harvest procedure, homogenates were
on ice. To prevent microbial contamination and
subsequent RNase contamination, disposable gloves

were always used and good sterile technique and



methods were practiced when handling samples.
Also, the gloves were changed frequently. Then,
ethanol (250ul), isopropanol (50@ul), chloroform

(200 ul) were added respectively. Subsequently,
once b-mercaptoethanol was added to the
homogenate to remove the RNase. Ultimately, the
quality of RNA was checked on agarose gel electro-

phoresis to observe the 5S, 18S and 28S bands.

Effect of tissue amount
For the
investigated the effect of tissue amount. In this

first step, we compared and
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account, we chose the different amounts of diverse
tissues such as gastric tumors of human, liver and
muscle of mouse varying between 1-5 mg (Figure
1A) and 5-15 mg (Figure 1B).

As shown in Figure 1B, by increasing the
amount of tissue, the quality of the RNA bands
decreased. Remarkably, 28S and 18S are degraded.
Effect of Trizol and TriPure

For the second investigation, the effect of
some RNA buffers like: Trizol and TriPure, on all
kind of
Conclusively, no

mentioned tissues were compared.

impressive difference was

observed (Figure 2).

Fig. 1. The effect of increasing the amount of tissuedaAes 1 and 2: 1-2 mg, gastric cancer; lane 3n5liver tissue; lane 4: 2-5 mg
muscle tissue. B: lanes 1 and 2: 5-15 mg, gasdnicer; lane 3: 5-15 mg, liver tissue; lane 4: 5¥ih muscle tissue.
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Fig. 2. Comparison of Trizol and TriPure effect. A: Lanefider) and 2 (muscle) treated with TriPure an@dl; respectively (the
approximate amount of tissues: 2-5 mg). B: lanaad.2 (gastric tumors) treated with Trizol and I&8n(@astric tumors) treated with

TriPure (the approximate amount of tissues: 5-10. @glanes 1 (liver) and 2 (muscle) treated wittzdl and TriPure, respectively (the

approximate amounts of tissue: 10-15 mg).
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Fig. 3. Effect of b-mercaptoethanol. Lanes 1 and 2 (gastriwors fresh and frozen respectively) (the appnaxeé amount of tissues: 3
mg), lane 3 (liver tissue) and lane 4 (muscle &$sB-mercaptoethanol was added in lanes 1 arftk3afiproximate amount of tissues:

15 mg).

Effect of B-mercaptoethanol

B-mercaptoethanol was added in all kinds of
samples in order to break the disulfide bands and
remove the RNAse effect. Evidently, there was no
significant effect of b-mercaptoethanol on RNA
extraction (Figure 3).

Discussion

RNA's expression's level is a remarkable
factor of cell and tissue physiological conditiamda
the measuring suitability of gene expression is
severely related to the quality and quantity of RNA
(11, 12). The success in every RNA analysis is
dependent on the RNA purity and also quality and
quantity of extracted RNA (13).

The
comprising human full-thickness skin tissues are

challenges of undertaking studies
different. In addition to dealing with numerous
regulatory research centers, the researcher must
obtain samples from consenting patients and
overcome the challenges of working with small,
restricted biopsies. Traditionally, the mechanical

disruption of skin samples has been severe, needing
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large amounts of beginning tissue that is ground
using mortar and pestle (14) or alternatively by a
tissue homogenizer. Although the current trend of
homogenization is an improvement for softer
tissues, full -thick tissue is naturally resistdnot
shearing forces resulting in incomplete sample
disruption and sample loss (15). The aim of this
study was to look for conditions which may
influence maximum efficiency when extracting our
molecules of interest. It is essential to do this
reliably with all biopsy samples, so that persidien
repeatable conclusions are acquired. The process by
which these molecules are extracted must be
compatible and leading to usable data in
downstream techniques (4). Indeed, in expression
studies, the variability between individual patient
samples can cause a high signal background, which
masks the less abundantly expressed genes that may
be unregulated. This is of particular concern in
systems that utilize complex tissue samples
containing multiple cell types and cell-to-cell
contact. Approximately, due to advanced molecular

techniques, it is possible to perform extensive



transcriptomic studies with microgram quantities of
RNA. Thus, care must be taken to preserve the
integrity of the sample during preparation steps. W
used an optimized extraction method for small
amounts of tissue samples and found that the
amount of initial tissues is critical for presenyin
RNA integrity. Relatively, b-mercaptoethanol has
an important and remarkable role in RNA
extraction from animal and human tissues.
Additionally, b-mercaptoethanol is used to
contribute to demolish RNases that may be present
and will degrade the RNA. B— mercaptoethanol is a
decreasing agent that will reduce the disulfide
bonds of the RNases, in consequence devastating
the conformation and the functionality of the
enzyme (10). The absence of any improvement in
RNA quality in the presense of b- mercaptoethanol
in our experiments suggests that the extraction
buffer used (e.g. Trizol and TriPure) contain aithe
this component or a similar chemical which inhibits
RNases. As coldness can preserve the nucleic acids
from degradation, storing the samples in liquid
nitrogen or freezing and also working in a cold
room is a main factor and necessary. Taking into
account the amounts of samples are very effective
and important. As we demonstrated, the lesser
amount between 1- 2 mg had a better consequence
than the other ranges. This is because of the
consequent lesser amount of RNase in the samples.
For Trizol and Tripure, no remarkable
modifications were observed. It means that in the
conditions used, these buffers have an equal effect
in RNA extraction. Muscle and liver tissues of
mouse and also gastric tumors both in frozen and
fresh conditions were investigated separately.
Remarkably, the best quality was affiliated to
muscle tissues.

In conclusion, the effect of coldness (working
in a cool room or in ice buckets) and the use ef th
least amount (the least volume) yielded the best
quality and all protocols were able to extract RNA
with a minimally acceptable quality from all kinds
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of tissues (gastric tumors, liver and muscle tissue
of mouse). Also, there was no impressive influence
of b-mercaptoethanol and no difference between
Trizol and TriPure. To some extent, if a selected
protocol fails to extract RNA from a tissue in the
first step, then another extraction and so an
alternative protocol should be employed before
excluding this from further investigation.
Acknowledgments

This work was supported by the Cellular and
Molecular Biology Research Center of Babol
University of Medical Sciences and a grant by
Iranian National Science Foundation (INSF project
code: 92017552). We appreciate the helpful
comments from the staff members of the said
university.
Conflict of interest

The Authors declared no conflicts of interest.

References

1. Botling J, Micke P. Fresh frozen tissue: RNAragtion and
quality control. Methods Mol Biol 2011;675:405-13.

2. Micke P, Ohshima M, Tahmasebpoor S, et al. Bi&ley of
fresh frozen tissue: RNA is stable in nonfixed &ab
specimens. Lab Invest 2006;86:202-11.

3. Hong SH, Baek HA, Jang KY, et al. Effects ofajein the
shap freezing of colorectal cancer tissues on tfadity of DNA
and RNA. J Korean Soc Coloproctol 2010;26:316-23.

4. Masuda N, Ohnishi T, Kawamoto S, et al. Analysfs
chemical modification of RNA from formalin-fixed sgples and
optimization of molecular biology applications frch samples.
Nucleic Acids Res 1999;27:4436-43.

5. Mathot L, Lindman M, Sjoblom T. Efficient and edable
serial extraction of DNA and RNA from frozen tisss@mples.
Chem Commun (Camb) 2011;47:547-9.

6. Reiser V, Smith RC, Xue J, et al. High-throughpu
simultaneous analysis of RNA, protein, and lipidrbarkers in
heterogeneous tissue samples. Clin Chem 2011;5%-354

7. Chomczynski P, Sacchi N. The single-step methfoBRNA
isolation by acid guanidinium thiocyanate-phendbobform
extraction: twenty- something years on. Nat ProB896;1:

581-5.

Int J Mol Cell Med Winter 2015; Vol 4 No 1 58



RNA Extraction. Does Tissue Matter?

8. Peirson SN, Butler JN. RNA extraction from martfiama
tissues. Methods Mol Biol 2007;362:315-27.

9. Lee SM, Schelcher C, Gashi S, et al. RNA stighifi human
liver: comparison of different processing timesyperatures and
methods. Mol Biotechnol 2013;53:1-8.

10. Mathot L, Wallin M, Sjoblom T. Automated seredtraction
of DNA and RNA from biobanked tissue specimens. BMC
Biotechnol 2013;13:66.

11. Gjerse DT, Hoang L, Hornby D. RNA Purificatiamd
Analysis: Sample Preparation, Extraction, Chromatply. 1
ed. Weinheim: Wiley-VCH; 2009:206.

12. Tan SC, Yiap BC. DNA, RNA, and protein extion: the

59 IntJ Mol Cell Med Winter 2015; Vol 4 No 1

past and the present. J Biomed Biotechnol 2009;30@398.

13. Skidmore AF, Beebee TJ. Characterization asel of the
potent ribonuclease inhibitor aurintricarboxylic idac for
the isolation of RNA from animal tissues. Biochem J
1989;263:73-80.

14. Dobbeling U, Boni R, Haffner A, et al. Methoarf
simultaneous RNA and DNA isolation from biopsy nmizte
culture cells, plants and bacteria. Biotechniqu#®7122:88-90.

15. Loeffler J, Schmidt KD, Hebart H. Encyclopedia
of Genomics and Proteomics. Automated nucleic agtcaction

Inc; 2004:93-6.



