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Abstract

AIM: To characterize the influence of location, species
and treatment upon RNA degradation in tissue samples
from the gastrointestinal tract.

METHODS: The intestinal samples were stored in
different medium for different times under varying
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conditions: different species (human and rat), varying
temperature (storage on crushed ice or room tempe-
rature), time point of dissection of the submucous-mucous
layer from the smooth muscle (before or after storage),
different rinsing methods (rinsing with Medium, PBS,
RNALater or without rinsing at all) and different regions of
the gut (proximal and distal small intestine, caecum, colon
and rectum). The total RNA from different parts of the gut
(rat: proximal and distal small intestine, caecum, colon
and rectum, human: colon and rectum) and individual gut
layers (muscle and submucosal/mucosal) was extracted.
The quality of the RNA was assessed by micro capillary
electrophoresis. The RNA quality was expressed by the
RNA integrity number which is calculated from the relative
height and area of the 18 S and 28 S RNA peaks. From
rat distal small intestine gPCR was performed for neuronal
and glial markers.

RESULTS: RNA obtained from smooth muscle tissue
is much longer stable than those from submucosal/
mucosal tissue. At RT muscle RNA degrades after one
day, on ice it is stable at least three days. Cleaning
and separation of gut layers before storage and use
of RNALater, maintains the stability of muscle RNA at
RT for much longer periods. Different parts of the gut
show varying degradation periods. RNA obtained from
the submucosal/mucosal layer always showed a much
worse amplification rate than RNA from muscle tissue.
In general RNA harvested from rat tissue, either
smooth muscle layer or submucosal/mucosal layer is
much longer stable than RNA from human gut tissue,
and RNA obtained from smooth muscle tissue shows an
increased stability compared to RNA from submucosal/
mucosal tissue. At RT muscle RNA degrades after one
day, while the stability on ice lasts at least three days.
Cleaning and separation of gut layers before storage
and use of RNALater, maintains the stability of muscle
RNA at RT for much longer periods. Different parts of
the gut show varying degradation periods. The RNA
from muscle and submucosal/mucosal tissue of the
proximal small intestine degrades much faster than
the RNA of distal small intestine, caecum or colon
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with rectum. RNA obtained from the submucosal/
mucosal layer always showed a much more reduced
amplification rate than RNA from muscle tissue
[B-Tubulin TI for muscle quantification cycle (Cp): 22.07
%+ 0.25, for B-Tubulin I submucosal/mucosal Cp: 27.42
+ 0.19].

CONCLUSION: Degradation of intestinal mRNA
depends on preparation and storage conditions of the
tissue. Cooling, rinsing and separating of intestinal
tissue reduce the degradation of mRNA.

Key words: Intestinal RNA; Degradation; Storing con-
ditions; Flushing; Cooling

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The quality of RNA is crucial for an appropriate
RNA analysis. Especially when working with human
material, precious samples will often be used for
different purposes and can therefore not be frozen
immediately. Gut tissue is especially fragile and RNA
degrades rapidly if not treated adequately. Under
these aspects RNA degradation of different gut
sections and gut wall layers regarding their treatment
was investigated in this study. Storage, rinsing and
preparation conditions are essential for RNA stability.
Sufficient and permanent cooling as well as the
removal of bacterial contamination leads to a reduced
degradation in muscle tissue of the gut.

Heumiiller-Klug S, Sticht C, Kaiser K, Wink E, Hagl C, Wessel
L, Schifer KH. Degradation of intestinal mRNA: A matter of
treatment. World J Gastroenterol 2015; 21(12): 3499-3508
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INTRODUCTION

RNA isolation followed by PCR analysis has become
a major tool in modern research*, Working with
RNA requires the control of RNA integrity™. This
is a critical first step in obtaining meaningful gene
expression data. Working with low quality RNA might
have a significant impact on the experimental results
of downstream applications, which are often labour-
intensive, time-consuming, and expensive. Using
intact RNA is a key factor for the successful application
of modern molecular biological methods, such as gRT-
PCR or microarray analysis'®”). Samples are usually
immediately frozen to avoid prolonged storage under
suboptimal conditions. The analysis and evaluation
of human samples depends on a stable supply and
often only small amounts of tissue can be provided. In
many cases these rare samples are used for various

Baishidenge ~ WJG | www.wjgnet.com

experiments'™, including the isolation of living cells®,

thus making it necessary to use alternative storage
and transportation conditions of vital tissue. Especially
in cases, where the samples are received at different
locations, or even from abroad, transportation time
might exceed 24 h. In these cases, the samples
cannot simply be frozen; they have to be transported
as vital tissue on crushed ice, which is not an ideal
condition for RNA conservation. The integrity of
the sample RNA depends strongly on the individual
tissue™®’. When working with the sensible gut tissue,
several major drawbacks came into the focus of
attention. The amount of digestive enzymes and a
broad range of microorganisms!*'? are rendering the
gut a problematic tissue. Moreover, it contains different
compartments or layers (muscle, submucosal and
mucosal layer)™ with individual properties. In the
actual study the integrity of the RNA was investigated
concerning transportation or storage time and
condition as well as the influence of the gut content
upon the individual layer.

MATERIALS AND METHODS

Human postnatal gut

Intestinal tissue from children (age ranged from two
month to two years) was obtained from two surgical
facilities. A total of ten gut tissue samples of the colon
which were sectioned in one centimetre segments
were included in the study. These sections were
analysed as a whole or separated into muscle and
submucosal/mucosal layer. All samples were collected
after written informed consent of the parents of the
patients, according to the Declaration of Helsinki and
with the approval of the local ethics committee.

Animals

Sprague Dawley rats of one to two weeks of age were
used. Rats were killed by decapitation and the small
intestine, caecum and colon were removed. The small
intestine was sectioned into equal segments. Animal
protocols were approved by the internal Veterinary
Inspection Office in Mannheim.

Experimental approaches

For all experiments performed in this study human
or rat tissue samples (each one cm long) were used.
The individual experiments differ concerning species,
location, gut layer, storage conditions (time and
temperature), time of separation of the layers and
different rinsing methods.

In the first experiment the differences in RNA
degradation between human and rat gut tissues have
been investigated. The tissues were temporarily stored
in a Hepes buffered minimal essential medium (MEM-
Hepes) with a stable glutamine dipeptide (Glutamax)
on ice. After different storage times the tissue was
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separated in muscle and submucosal/mucosal layer:
6 h, 24 h and 72 h. The 0 h samples were frozen
immediately in liquid nitrogen and stored until further
processing for RNA extraction, as described below.

The second experiment was performed to
demonstrate the influence of the temperature. The
samples from rat small intestine were flushed first in
PBS, then separated into muscle and submucosal/
mucosal layer and then stored for different times (0 h,
0.5h,1h,15h,3h,6h,8h,24h, 48 hand 72 h)
in MEM-Hepes either on ice or at room temperature
(RT) before storage until further processing for RNA
extraction, as described below.

A third experiment was designed to investigate
more precisely the influence of separation of the
gut different layers prior to processing upon RNA
degradation. The samples from rat small intestine
were rinsed in MEM-Hepes with antibiotics (Gentamycin
and Metronidazol) before being temporarily stored
(Oh,0.5h,1h,1.5h,3h,6h,8h, 24 h, 48 h and
72 h) in MEM-Hepes (Glutamax) on ice or at RT.
After storage samples were separated in muscle and
submucosa/mucosa. A second group of tissue was
investigated where muscle and submucosal/mucosal
layer had been separated before storage (same times
as above) until further processing for RNA extraction,
as described below.

A forth experiment should evaluate the influence of
different rinsing solutions. The samples from rat small
intestine were rinsed after dissection in PBS or MEM-
Hepes with antibiotics (Gentamycin and Metronidazol),
in RNALater or not rinsed at all. Then they were
temporarily stored in the individually used rinsing
solutions on ice or at RT. The tissue was separated
in muscle and submucosal/mucosal layer at different
times: 0 h, 8 h, 24 h and 48 h before storage until
further processing for RNA extraction, as described
below.

A fifth experiment was performed to analyze
whether the gut region alters the effect of RNA
degradation. The whole rat gut was separated into
proximal and distal small intestine, caecum, colon and
rectum. Then the gut tissues were temporarily stored
in a Hepes buffered MEM with a stable glutamine
dipeptide (Glutamax) at RT. The tissue was separated
into muscle and submucosal/mucosal layer at different
times (0 h, 8 h, 24 h and 48 h) before stored until
further processing for RNA extraction, as described
below.

RNA extraction

Total cellular RNA was extracted from one centimetre
tissue segments using an “Isolate RNA Mini Kit” (Bioline,
Luckenwalde, Germany) following the manufacturer’s
protocol. The contaminating genomic DNA was digested
with DNase I (Invitrogen, Karlsruhe, Germany). RNA
concentration was measured spectrophotometrically
using an infinite M200 micro plate reader (Tecan,
Mainz-Kastel, Germany).
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Degradation testing

RNA quality assessment was tested by micro capillary
electrophoresis using an Agilent Bioanalyzer 2100
(Agilent Technologies, Waldbronn, Germany) with the
RNA 6000 Nano Kit (Agilent Technologies, Waldbronn,
Germany) following the manufacturer’s protocol™®.
The RNA quality was determined by the RNA integrity
number (RIN), which is calculated from the relative
height and area of the 18 S and 28 S RNA peaks and
follows a numbering system from 1 to 10, with 1
being the most degraded profile and 10 being the best
preserved™'®, For the degradation test we used RNA
with a concentration of 50 ng/pL.

Real time PCR analysis of gene expression

BioScript TM was used to generate cDNAs (Bioline)
from 100 ng RNA according to the manufacturer’s
protocol. For real time PCR the SensiMixSYBR Low Rox
Kit (Bioline) was used on a MX3005 (Stratagene). 100
ng cDNA was used for each sample. The individual
tests were performed in triplicates and repeated 3
times. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as housekeeping gene. The PCR
conditions were as follows: initial denaturation 10
min, 95 °C, 40 cycles of denaturation; 30 s, 95°C;
annealing, 30 s, 55°C; elongation 30 s, 72 C. The
primer sequences (F: forward; R: reverse) were as
follows: r-S100 (F: 5-TTGCCCTCATTGATGTCTTCCA-3’,
R: 5'-TCTGCCTTGATTCTTACAGGTGAC-3’) from
Lisachev et al'”, r-Tubulin-p II (F: 5-AGACCTACTG-
CATCGACAATGAAG-3’, R: 5'-GCTCATGGTAGCAGA-
CACAAGG-3’) from Schwindt et a/"*®, PGP9.5 (F:
5'-CCCTGAAGACAGAGCCAAGTG-3’, R: 5'-GAGTCA-
TGGGCTGCCTGAA-3"), and GAPDH (F: 5-GTATGAC-
TCTACCCACGGCAAGT-3’, R: 5'-TTCCCGTTGATGA-
CCAGCTT-3") from Du et al*?.

Statistical analysis

For time course measurement on degradation effect of
muscle and submucosal/mucosal human and rat tissue
in student’s t-test was applied, after testing for normal
distribution. The results were considered significant
with a P < 0.05.

The response RINs were fit using standard least-
square regression using JMP version 10 to explore
the impact of temperature, tissue, time, species and
tissue separation of the gut tissue in muscle and
submucosal/mucosal layer before or after incubation.
The contribution of the different formulation variables
was compared using analysis of variance (ANOVA) at P
< 0.05 significance level.

RESULTS

Degradation of muscle and submucosal/mucosal layer
RNA of human and rat gut at different points in time
Degradation of RNA was assessed using an Agilent
2100 bioanalyzer. This approach was applied to a large
collection of electrophoretic RNA measurements. The
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Figure 1 Time course of degradation effect on muscle and submucosal/mucosal human and rat tissue. Human and rat gut samples were stored in MEM-
Hepes on ice and separated in smooth muscle and submucosal/mucosal layer (muscle, mucosa) at different points in time. RNA from the tissues was isolated and
degradation (RIN) of the different samples was examined. A: The figure shows a typical gel for human and rodent samples with different integrities. First the ladder,
followed by 3 human muscle samples (hu MP), another 3 samples from human mucous layer (hu SMP) all from different points in time. The last 6 samples were
comparable samples from rat (ra); B and C: Typical electrophoretic RNA measurements obtained from an Agilent 2100 bioanalyzer displaying different RIN values for
intact (8 and 3 respectively; B) and partly degraded RNA (5 and 2 respectively; C); RIN values from both rat and human tissues from different compartment and time

points are depicted in (D) and (E). Data are presented as the mean + SE. n = 10.

resulting algorithm is a user-independent, automated
and reliable procedure for standardization of RNA
quality control that allows the calculation of an RNA
integrity number (RIN)™, A minimum level of RNA
integrity is necessary to obtain reliable gPCR data. RNA
with a RIN below five is highly degraded and should
not be used within further qPCR experiments'®. The
needs for microarray experiments are even higher.
Here you need a RIN higher than 7. Moreover, a RIN
that might be adequate for a 3’ amplification might not
work for a 5" amplification. To test the RNA degradation
progress of different tissues gained from human and
rodent gut on ice, the samples were separated into
muscle and submucosal/mucosal layers (Figure 1A-C).
The RNA of the human muscle was intact for more
than 24 h. After 6 h the RNA had a RIN of 8.2 + 0.11
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and a RIN of 7.8 £ 0.2 after 24 h. After 72 h the RNA
of the muscle was degraded and the RIN dropped to
3.8 £ 2.2 (Figure 1D). The RNA of the submucosal/
mucosal layer degraded much faster than the RNA of
the muscle layer. The RIN of the submucosal/mucosal
layer showed a still acceptable value of 5.4 = 0.6 after
six h and was fully degraded after 24 h with a RIN of 3.7
+ 1.0 and a RIN of 2.2 + 0.2 after 72 h (Figure 1E).
Comparing rat and human tissue reveals significant
differences. While the RIN of rat smooth muscle
tissue still reaches 8.4 £ 0.4 (Figure 1D) after 72 h of
storage, the human tissue yields not more than a RIN
of 3.8 £ 2.2 (Figure 1D). Rat derived submucosal/
mucosal layer RNA degraded even faster, already after
24 h. At this point of time the RNA delivered a RIN
value of 7.4 £ 0.6. After 48 and 72 h the RIN was still
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Figure 2 Time and temperature based measurement of RNA integrity of
isolated RNA from rat muscle and submucosal/mucosal tissue of the gut.
Pieces of rat gut were stored in MEM-Hepes on ice or at room temperature (RT)
and at different points in time samples were separated into smooth muscle and
submucosal/mucosal layer (muscle, mucosa). The RNA integrity number was
assessed for the individual samples. Data are presented as the mean + SE. °P
<0.05and n=6.

acceptable with values around 5.5 £ 2 (Figure 1E).
Human derived submucosal/mucosal tissue degraded
already after 6 h with a RIN of 5.4 £ 0.6 and 3.7 +
1 after 24 h. At this time point the RNA of human
submucosal/mucosal layer is completely degraded
compared to RNA of rat submucosal/mucosal layer
(Figure 1E).

Influence of temperature and time upon RNA
degradation in different gut layers

In order to investigate when exactly the RNA of the
gut degrades and which role temperature and time
are playing, a more detailed analysis was performed
with rat derived intestinal tissue. The amount of tissue
was not limited. Furthermore individual short periods
of time could be explored. Rat tissue samples were
collected and stored temporarily in MEM-Hepes on
ice or at RT until RNA was extracted and measured.
Full thickness samples as well as individual muscle
or submucosal/mucosal layers were analysed after
separation (Figure 2). Muscle RNA kept its stability
for more than 72 h when stored on ice. Here the RIN
values varied between 9.2 at “zero” time and 7.6 after
72 h. The RNA quality was still sufficient for further
experiments. After 24 h at RT the RNA was 6.2 + 1.3,
after 48 h it dropped to 1.8 £ 0.9 and after 72 h the
RIN reached a value of 1.1 £+ 0.5 (Figure 2). The RNA
of the submucosal/mucosal layer remained intact on
ice over 72 h with a RIN of 5.5 £ 1.5 while at room
temperature it already degraded after 8 h. Here the
RIN dropped to 6.5 £ 0.6 and 3 £ 1.4 after 24 h.
Degradation kept on until it reached a value of 1.0 + 0.5
at 72 h (1.3 £ 0.6, 48 h, Figure 2).
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Influence of separation and rinsing prior to the
extraction process

To study whether a special tissue treatment will protect
the RNA from degradation, the gut was rinsed with
sterile PBS before separating the layers into muscle
und submucosal/mucosal tissue. The tissues were
either separated immediately before or after storage.
Storage took place in MEM-Hepes, either on ice or
at RT. After different times the RNA of the samples
was isolated and the degradation evaluated. After 72
h the RNA of the muscle layer showed similar RIN
values on ice (RIN 7.3 £ 1.2) as at RT (RIN 8.6 + 0.4)
(Figure 3A). So it seems that rinsing and separating
the tissue in muscle and submucosal/mucosal layers,
prevents the RNA of the muscle in case the cold chain
is interrupted. Submucosal/mucosal RNA degraded
after 24 h on ice. The RNA after 24 h had a RIN of
6.2 £ 1.1 and of 4.3 £ 1.6 after 48 h, respectively
3.2 £ 1.6 after 72 h (Figure 3A). At RT the RNA of the
submucosal/mucosal layer degraded at 8-h incubation
in medium and yielded a RIN of 4.9 £+ 1.3, while there
was a complete degradation to be seen after 24 h with
a RIN of 1 £ 0.2 (Figure 3A). Separating muscle and
submucosal/mucosal layer makes no difference to the
quality of the RNA from the submucosal/mucosal layer
in contrast to the muscle.

A multifactorial analysis of variances of the RIN in
response to several factors: temperature, tissue, time,
species and tissue separation of gut in muscle and
submucosal/mucosal layer before or after incubation
was undertaken. To identify the impact factors to the
RIN, an analysis of variance (ANOVA) at P = 0.05
significant level was used.

The factors temperature, tissue, time, species
and tissue separation of the gut tissue in muscle and
submucosal/mucosal layer before or after incubation
had all a significant influence on the RIN of the RNA
(Figure 3B). The factors submucosal/mucosal layer,
RT, time, human and separation of gut tissue after
incubation time, influence the RIN negatively (Figure
3B). The most important factor for the RIN with the t
ratio of 12.52 is the tissue, followed by the time with
a t ratio of 10.66, temperature with a t ratio of 6.93,
species with a t ratio of 6.23 and finally the separation
of the tissue in muscle and submucosal/mucosal layer
before or after incubation with a t ratio of 3.63.

Use of different media for rinsing and storage of the
tissue

As the previous experiments revealed that rinsing the
specimen protects the muscle from RNA degradation,
the rinsing media might also be critical. We therefore
tried various media for the initial rinsing step. Three
different rinsing solutions (MEM+, PBS or RNALater)
were used and the individual tissues were compared
with tissues which were not rinsed at all and just
stored in MEM plus. The tissues were stored in the
same media in which they have been rinsed for various
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Figure 3 Time course of RNA integrity from isolated RNA from muscle and submucosal/mucosal tissue with an initial separation or with separation after

storage. A: In the experiment “before” the gut from rat was first rinsed with P

BS and separated into muscle and submucosal/mucosal layer and then the samples

were stored in medium on ice or at room temperature (RT). In the experiment “after” the tissue of the gut was stored in medium on ice or at RT and at different points
in time samples were washed with PBS and separated in muscle and submucosal/mucosal layer. The RNA integrity number was measured. Data are presented as the

mean + SE; °P < 0.05 and n = 6; B: Afitting of the factors: temperature, tissue, t
before or after incubation was calculated. To identify the impact factors upon the
RIN: RNA integrity number.

incubation times (0 h, 8 h, 24 h and 48 h) on ice or at
RT. Regarding the tissues stored in control medium,
MEM+ or PBS no visible difference after incubation
were observed (Figure 4). However, the tissue that
had been washed and stored in RNALater did shrink
and became very sticky. This tissue was therefore very
hard to dissect in muscle and submucosal/mucosal
layer. Due to this heavy sticking the tissue could not be
pipetted appropriately. Moreover the tissue was very
fragile and easily destroyed. In this experiment it could
clearly be demonstrated that the RNA from muscle
and submucosal/mucosal layer was best protected
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ime, species and tissue separation of the gut in muscle and submucosal/mucosal layer
RIN, an analysis of variance (ANOVA) at °P < 0.05 significant level was used and n = 6.

by cooling (Figure 4). As soon as the samples were
stored on ice, only one significant difference in the
muscle was seen after 24 h. Here the tissue stored in
RNALater had a significant (P = 0.001) higher RIN.
All other washing and storing methods displayed no
significant different effects, even after 48 h. However,
when the samples were stored at RT, we noticed
significant differences for the muscle up to 24 h (Figure
4). The samples which were washed and stored in
RNALater had a much better RIN value (eight) than
the control samples. Also the samples stored in MEM+
or PBS had a RIN below five. This effect was even
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Figure 4 Time course of RNA integrity from isolated RNA from muscle and submucosal/mucosal tissue treated with different methods. Rat gut was rinsed
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more pronounced after 48 h, where the RNALater
samples still had a RIN value greater seven, while all
others provided only completely degraded RNA (Figure 4).

In the submucosal/mucosal layer samples a similar
protective effect of cooling could be demonstrated
as seen in the muscle tissue, while there was no
difference between the individual media used. At
RT RNALater did not have any protective effect on
submucosal/mucosal tissue. Interestingly, the best
protection effect after 8 h could be seen with PBS (°P =
0.001). After 24 h and 48 h, the RNA was completely
degraded in submucosa/mucosal tissue in all rinsing
solutions (Figure 4).

RNA integrity in different parts of the gut

To verify subsequently whether the individual sections
of the intestine have an influence on the stability of
RNA and whether bacteria or digestive enzymes, which
are different in each section, have influence upon the
RNA degradation, they were examined separately
on RNA degradation. To test this, the intestine was
separated into proximal and distal small intestine,
caecum and colon with the rectum. These pieces were
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stored at RT about 0 h, 8 h, 24 h and 48 h in MEM and
separated into muscle and submucosal/mucosal layer
afterwards. It could be clearly demonstrated that the
RNA from the proximal small intestine degraded much
faster (P = 0.001, 8 h), as those from other locations
(Figure 5). This RNA had already a RIN value about
5 after 8 h in both submucosal/mucosal and muscle
layer while the other sections still had a value above
seven or ten in both muscle and submucosal/mucosal
layer respectively. The muscle RNA after 24 h was
degraded only in the proximal small intestine. All other
parts had a RIN higher than 5. After 48 h there was no
difference between either region or tissue type, all RNA
was degraded (Figure 5).

Expression of neuronal and glial genes in submucosal/
mucosal and muscle layer

In order to analyse whether the expression of genes
from the enteric nervous system (ENS) depends
on RNA degradation, the RNA of muscle and of
submucosal/mucosal tissue with different RIN’s (two
to nine) was analysed with gPCR. Neuronal and glial
genes (B-Tubulin I, PGP9.5 and S100), as well as
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Figure 5 Measurement of RNA Integrity in different parts of the gut. Rat gut was separated in different parts (proximal small intestine, distal small intestine,
caecum and colon with rectum) and then the samples were stored in medium at room temperature and at different points in time (0 h, 8 h, 24 h and 48 h) the tissue
was separated in smooth muscle (muscle) and submucosal/mucosal layer (mucosa). The RNA Integrity numbers were calculated and data presented as the mean +

SE and tested for statistical significance using ANOVA. The results were considered significant with P < 0.001 and n = 9.

Table 1 Real time PCR from muscle and submucosal/mucosal
layer of individual gut layers

Tissue Gene Cp (RIN =9) Cp(RIN = 2)
Muscle B-Tubulin T 22.07 £0.25 24.41+£0.22
Submucosal/mucosal  B-Tubulin I 27.42 £0.19 26.00 £0.93
Muscle PGP 9.5 20.28 £ 0.09 23.67 £ 0.58
Submucosal/mucosal PGP 9.5 25.43 + 0.54 25.28 + 0.58
Muscle S100b 26.65 + 0.47 29.07 £ 0.02
Submucosal/mucosal S100b 28.53 + 0.63 29.75+1.30
Muscle GAPDH 18.85 £ 0.05 18.68 £ 0.08
Submucosal/mucosal GAPDH 18.93 + 0.04 19.53 £ 0.20

The expression patterns in terms of cycles do depend on the RNA integrity
number (RIN). Cp (RIN = 9): Quantification cycle by gPCR from RNA
with a RIN of 9; Cp (RIN = 2): Quantification cycle by qPCR from RNA
with a RIN of 2.

GAPDH as an independent gene for degradation®

were investigated. When the RIN of the muscle RNA
decreases, the quantification cycle (Cp) of the gPCR
increases for the neuronal and glial genes (Table 1). So
it seems that the Co from muscle layer depends on the
RIN.

The C» of the submucosal/mucosal layer with a RIN
of nine equals the RIN of five from muscle tissue. The
Co from the submucosal/mucosal layer seems not to
be dependent on the RIN of the RNA.

DISCUSSION

While quality control of RNA is routinely being per-
formed prior to microarray-based gene expression
profiling, it is often missing with regard to PCR-based
quantification methods. Indeed, even on degraded
RNA samples, a nice amplification curve can be
obtained™”, Nevertheless, excellent RNA quality
is essential to obtain reliable results. The inclusion
of samples with degraded RNA may influence the
statistical analysis and hence the interpretation of gene
expression levels in relation to biological and/or clinical
data. Results should reflect real biological differences
and not differences due to poor RNA integrity'*.
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The gut is a highly delicate tissue that is filled with
digestive enzymes and a microbiome of varying quality
and quantity. This leads to a rapid post mortem or
even post dissection degradation of the whole tissue.
Obviously, human RNA degrades faster than the one
derived from rat. RNA from post mortem brain is much
more stable than RNA from post mortem intestinal
tissue®. We demonstrated similar differences between
rat and human tissue from surgical gut samples. The
storage and dissection before RNA processing changes
their individual quality. This was most pronounced in
the smooth muscle from both rat and human.

Generally, RNA from the muscle layer remains
much longer stable than RNA from the submucosal/
mucosal layer. In the submucosal/mucosal layer
usually more immune cells are to be found, and due
to the neighbourhood to the lumen and the loose
arrangement of the tissue the bacterial translocation
takes place earlier and to a greater extent.

We have shown in the intestinal samples that
measures such as rinsing the tissue and separating
the bowel in its submucosal/mucosal and muscle
compartments, reduces especially the RNA degradation
in the muscle. If the cold chain is not interrupted
the RNA of the smooth muscle remains stable for a
minimum of 72 h. In contrast, rinsing and separating the
tissue wall does not protect the RNA from submucosal/
mucosal layers. Here, only cooling reduces degradation.
These effects might even be more pronounced when
the intestinal tissue is inflamed™’. We could also
demonstrate that different rinsing methods have no
impact upon RNA integrity, if the tissue is cooled. But
the rinsing method has an influence if the tissue is
stored at RT. RNALater prevents RNA degradation in
the muscle at all-time points investigated, while also
PBS hade a preventing influence upon the submucosal/
mucosal layer after 8 h at RT. This might be due to an
inhibition of degradating enzymes which needs calcium
or magnesium for being active!??4,

Not only that RNA from the intestine degrades
faster than RNA from blood cells, or cell lines, there
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are also local differences. The RNA of the proximal
part of the small intestine (duodenum) degrades much
faster than the ones from the distal parts of the small
intestine (ileum and jejunum) or the large bowel
(caecum and colon with rectum). This demonstrates
that digestive enzymes might also play an important
role for RNA degradation. Other groups showed
that the RNA from ileum and colon degraded slower
than the one from jejunum!®. This is consistent
with our data concerning the duodenum. In rodents,
proximal small intestine samples might still harbour
parts of the pancreas, which is (unless in human) -
not arranged in a compact organ. Bits of pancreatic
tissue are embedded in the mesenterial wall along
the duodenum, and might easily be overseen during
dissection. Pancreatic tissue will yield a surplus of
degradating enzymes. Moreover, degradation of the
RNA does also depend on the amount of connective
tissue or fat, or as in our case, in increased enzyme
activity™., It can lead to a faster degradation of the
RNA* or caused by inadequate sample processing
and storage™®. Using RNase inhibitors can reduce the
problem of RNA degradation, but is not consistent
among individuals and RNA degradation even occurred
when frozen samples were thawed immediately before
nucleic acid extraction™’.

Adequate sample storage in medium as well as
cooling reduces RNA degradation at least in muscle
and submucosal/mucosal layer.

Also it is known that in some mammalian tissue or
blood or even the food in the gut contains inhibiting
factors which interferes with the PCR assays™®?".
So there might be some unknown factors in the
submucosal/mucosal layer that can produce a false
negative result for the gPCR. In general, rinsing, cooling
and separation make the difference concerning RNA
quality. While RNALater increases RNA quality, its use
makes only sense provided a sole RNA extraction is
performed. As soon as the tissue has to be processed
further, i.e., by separating the individual gut wall layers,
RNALater interferes negatively with the dissection
process. In order to avoid misinterpretations, especia-
lly with a limited amount of crucial material, optimal
pre-treatment and processing is an indispensable
prerequisite to obtain reliable and standardized RNA
analysis data.
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COMMENTS

Background

The RNA quality of each sample has a great influence on a variety of
experimental measurement methods. It is therefore important to test the
quality before the individual experiment starts, especially in tissues from the
gastrointestinal tract, where both secreted enzymes or fecal and microbial

Baishidenge ~ WJG | www.wjgnet.com

content of the gut can interfere with the quality of RNA.

Research frontiers

RNA from the gastrointestinal tract is particularly interesting in various diseases,
be it inflammatory or developmental. A standardized protocol for optimal RNA
treatment allows the comparison of results from different laboratories in a more
reliable way.

Innovations and breakthroughs

A detailed protocol of sample preparation for optimal RNA harvest is provided.
Different species have been compared and variations and influences of both
species and gut segments investigated.

Applications

The provided data can be used for a more standardized investigation of RNA
changes in health and disease, based on optimized techniques.

Terminology

RNA degradation means that the information sequence of the RNA is destroyed
and can therefore not be used for a reliable identifications of specific genes,
involved in diseases or developmental changes.

Peer-review

This is a study in which the authors analysed the effect of different treatment
and storage conditions of intestinal tissue upon the RNA quality derived from
these tissues. The results are interesting and show that cooling and separation
of tissue prevents the RNA of degradation.
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