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SUMMARY

Background: The usage of molecular techniques such as
quantitative RT-PCR depend on the quality of cellular RNA.
In particular, RNA extraction from endoscopic biopsies is
difficult with respect to yield and, especially, integrity.
Therefore, we developed a method that allows extraction of
high-quality RNA from these sources.

Methods: Endoscopic biopsies taken from the gastric an-
trum, corpus and duodenum were subjected to various RNA
extraction protocols, and the RNA was used for quantita-
tive RT-PCR.

Results: The subsequent usage of two methods, (i) a phe-
nol/chloroform extraction and (ii) a colunn-based extrac-
tion method resulted in a yield of 4.5ìg total RNA/biopsy
of reliable quality in 80% of samples. The quantitative RT-
PCR analysis revealed that only RNA samples that clearly
show both 18S- and 28S-RNA bands in agarose gel electro-
phoresis were suitable for quantitative RT-PCR. In all these
samples, both the corpus-specific pepsinogen C-mRNA and
the duodenum-specific mdr-1-mRNA could be consistently
detected. In degraded RNA, pepsinogen C, mdr-1 or â-ac-
tin mRNAs were still detectable, but the quantitative
det4rmination gave inconsistent data.

Conclusions: The two-step method described here proved
to be the most reproducible approach to obtaining suffi-
cient amounts of high-quality RNA from endoscopic biop-
sies as required for quantitative gene expression analyses.

INTRODUCTION

Gastrointestinal endoscopy is usually completed by
taking biopsies from lesions and surrounding tissues. Tra-
ditionally, biopsies are used for histological assessment,
but molecular analysis of these samples has become a
fundamental part of clinical research during recent years.1

The high sensitivity as well as the high throughput of these
methods have offered a comprehensive picture of dif-
ferential gene expression patterns comparing normal
versus pathological situations.2-4 The usage of high-qual-
ity RNA is the most critical factor for quantitative anal-
yses of gene expression patterns in clinical samples which
are often �poor� sources for RNA extraction.1 In particu-
lar, the preparation of RNA from endoscopic biopsies is
complicated by the limited amount of available tissue.
Therefore, biopsies frequently need to be pooled to in-
crease the yield but this may also level differences in the
gene expression. In order to compare the expression lev-
els of different genes by RT-PCR, the expression of
�house-keeping� genes are analyzed and subsequently
used to normalize the expression levels among different
samples.5 Since most of these �standard genes� such as b-
actin or GAPDH are present in high copy numbers, they
can be detected by RT-PCR even when the RNA is al-
most completely degraded. In such samples, the expres-
sion levels of low- or even medium-abundant transcripts
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by a 10 min incubation at 95°C, and the reaction mixture
was kept frozen at -70°C until enzymatic amplification.

Quantitative RT- PCR

Quantitative RT-PCR was performed in an iCycler
(BioRad, Munich, Germany). A typical 30 µl reaction
mixture consisted of 15µl HotStarTaqÔ Master Mix, 1.2
µl of the RT-reaction, 0.3 µl SYBR-Green I (1:10.000)
(Molecular Probes, Eugene, USA), and 0.5 µmol/L of
the specific primers for b-actin, pepsinogen C or mdr-1.
Initial denaturation and activation of Taq-polymerase at
95°C for 15 min was followed by 40 cycles with denatur-
ation at 94°C for 30 sec, annealing at 60°C for 30 sec,
and elongation at 72°C for 30 sec. The fluorescence in-
tensity of the double-strand specific SYBR-Green I, re-
flecting the amount of actually formed PCR-product, was
read real-time at the end of each elongation step. Then
specific initial template mRNA amounts were calculat-
ed by determining the time point at which the linear in-
crease of sample PCR product started, relative to the
corresponding points of a standard curve; these are giv-
en as artificial units. b-actin mRNA amounts were used
to normalize the cDNA contents of the different sam-
ples. Furthermore, an aliquot of the PCR reaction mix-
ture was separated on an 1.8% agarose gel, stained with
ethidium bromide and documented.

The following primers were used for the RT-PCR
analysis: Pepsinogen C (Genbankä accession number #
J00283), fw: 5�-cca-acc-agg-agt-tcg-gct-tga-g; rev: 5�-gtg-
tcc-acg-atg-gcc-tgg-caa-c; Multidrug resistance protein
(mdr-1) / P-glycoprotein (PGY-1, accession # M14758.1),
primer 1: 5�-agc-aga-gga-tcg-cca-ttg-cac-g, primer 2: 5�-
ttg-ggc-ttg-tga-tcc-acg-gac-ac, primer 3: 5�-agg-tga-aga-
agggcc-aga-cgc-tg, primer 4: 5�-aca-atg-cag-gtg-cgg-cct-
tct-c; b-actin (accession # NM001101) fw: 5�-cat-gcc-atc-
ctg-cgt-ctg-gac-c-, rev: 5�-aca-tgg-tgg-tgc-cgc-cag-aca-g.
The length of the resulting RT-PCR fragments were 364
bp (pepsinogen C), 428 bp (mdr-1/2), 510 bp (mdr3/4),
and 400 bp (b-actin).

RESULTS AND DISCUSSION

Extraction of total RNA from endoscopic biopsies

Analyzing gene expression patterns in endoscopic
biopsies requires a methodology that (i) can easily be
implemented in the routine endoscopic procedure and
(ii) ensures the necessary quality of biological samples.
To prevent any mishandling of samples intended for
RNA- or protein analysis, all biopsies were equally treat-
ed and snap-frozen in liquid nitrogen. The subsequent

might be determined as false negative depending on the
extent of degradation. Considering this problem, we de-
veloped a methodology allowing for the extraction from
endoscopic biopsies of RNA which is suitable for quan-
titative analyses of the  gene expression pattern.

MATERIAL AND METHODS

Sampling and handling of endoscopic biopsies

A total of 25 patients who underwent upper gastroin-
testinal endoscopy for different indications were includ-
ed in this study. This study was approved by the local
ethics committee. After obtaining informed consent, 2-3
biopsies were taken, pooled into one cryo-tube and snap-
frozen in liquid nitrogen. After finishing sample acquisi-
tion, each of the 2-3 biopsies were transferred into a 1.5
ml RNAse-free Eppendorf tube and submerged in 0.5
ml of TRIZOL-reagent� (Life Technologies, USA) and
stored at �80°C until usage.

Extraction of total RNA

A single biopsy in TRIZOL-reagent� was homoge-
nized using plastic pistils �DSTROY-S� (BIOzym, Ger-
many) on ice until no particulate material was visible.
Samples were subjected to 3-5 freezing (liquid nitrogen)
/ thawing cycles (ice bath) while treated using the pistil.
After complete homogenization, 0.2 ml chloroform was
added, the sample was extensively vortexed and centri-
fuged in a microcentrifuge (14.000 rpm, 4°C) for 15 min.
The supernatant (about 400µl) was transferred to a new
tube, 0.4 ml isopropanol was added and the sample was
incubated at room temperature for 10 min. After anoth-
er centrifugation step, the supernatant was completely
removed and the precipitated RNA was resolved in 100
µl RNase-free water. Subsequently, the RNA was puri-
fied using the RNeasy kit� (Qiagen, Hilden, Germany)
following the protocol described by the manufacturer.
Finally, the RNA was eluted in 70 µl RNase-free water,
and a 5µl aliquot was used for determination of RNA
concentration via UV-spectroscopy and to evaluate RNA
integrity by agarose gel electrophoresis.

Reverse Transcription of total RNA

In each case, 500 ng of total RNA was transcribed
into cDNA in a 20 µl reaction containing 20 units of AMV
reverse transcriptase (Promega, Mannheim, Germany),
0.5 mmol/l dNTP, 10 mmol/l random hexanucleotides
(Boehringer, Mannheim, Mannheim, Germany) and 50
units of placenta RNase inhibitor (Ambion, Austin, USA)
in the reaction buffer supplied with the enzyme. After
an 1h incubation at 42°C the enzymes were inactivated
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resuspension of single biopsies in TRIZOL proved to be
favorable. First, this treatment prevented the samples
from drying at �80°C if longer stored, and, second,
seemed to have a stabilizing effect on the RNA. As ex-
emplarily shown for six samples (patient 1 and 2 in Fig.
1A), RNA extracted from biopsies stored without TRI-
ZOL for about 6 months was completely degraded, al-
though no major differences in the yield were observed
by UV-spectroscopy at 260 nm. Third, the sample was
soaked with TRIZOL which effectively destroyed the tis-
sue. Therefore, samples were completely homogenized
within 5 min without much effort, whereas samples stored
at �80°C without TRIZOL needed 10 - 15 min of inten-
sive work for complete homogenization. According to
our experience, the parallel handling of six samples, that
was accomplished within about 2-2.5 h, was efficient re-
garding the quality and throughput. As shown in the right
panel of figure 1A (patient 3 and 4), the majority of RNA
samples prepared this way were of good quality as indi-
cated by the presence of 28S- and 18S-rRNA bands. Only
the sample extracted from the antrum (A) of patient 4
showed a slight degradation as illustrated by the de-
creased intensity of the 28S-RNA band.

In general, the two-step protocol described here pro-
vided RNA of reliable quality in about 80% of samples.
The total yield per biopsy was 4.5 ± 3 µg (1.4 � 12.6 µg, n
= 45) which is sufficient for comprehensive gene expres-
sion analysis. Although no DNase treatment was per-
formed, RNA samples did not contain significant
amounts of contaminating DNA as shown by the usage
of intron-spanning primers in RT-PCR analyses (data not
shown) or RNA gel electrophoresis. The storage of sin-
gle biopsies suspended in TRIZOL reagent did not af-
fect the quality of the RNA (up to six months). Initially,
we used the TRIZOL-based method and the RNeasy kit
(Qiagen) separately, but the use of the kit only resulted
in lower yields (usually less than 1 µg). On the other hand,
the purity of RNA samples obtained by the TRIZOL
method was limited. The combined application of both
methods was found to be superior with respect to yield
and integrity of the resulting RNA. Unquestionably, this
method is more expensive and time-consuming, but these
disadvantages are compensated for by the reliability of
the method. For other materials that are not limited,
easier to handle, or whose sampling can be repeated (e.g.
cell lines, surgical material) the RNeasy kit provides sim-
ilar results at lower costs.

Figure 1. Detection of total RNA isolated from endoscopic
biopsies and quantitative RT-PCR analyses of the gene ex-
pression of b-actin, pepsinogen C and multi drug resistance
protein (mdr-1).

Panel A documents the quality of the RNA extracted from
biopsies taken from different regions of the gastrointestinal
tract of four patients (antrum: A, corpus: C, duodenum, D).
The quality of the six RNA samples (patient 3 and 4) is repre-
sentative for the extraction method described. Panel B illus-
trates the PCR products after 40 cycles of amplification. All
PCR fragments are of the expected size as calculated from
the cDNA sequence (data not shown). Control reactions with-
out template were negative for all analyses (data not shown).
Panel C documents the quantitative analysis of the RT-PCR.
First, the relative values for either the pepC or mdr-1 tran-
script were normalized to the corresponding value for b-actin
mRNA. Second, using these values the following ratios were
calculated and plotted on the Y-axis of the graph: C/A: cor-
pus/antrum, C/D: corpus/duodenum, D/A: duodenum/antrum,
D/C: duodenum/corpus. For instance, the normalized pepC-
expression rates of patient 1 were 0.59, 521 or 0,4 for the an-
trum, corpus or duodenum, respectively. Based on these val-
ues, the calculated ratios presented in the graph were 880 or
1301 for C/A or C/D, respectively. The horizontal line through
the expression ratio of 1 (Y-axes) represents the value of equal
expression between the biopsies compared.
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The usage of b-actin as internal control and of
pepsinogen C and multi drug resistance protein
as �markers� for antrum, corpus and duodenum

In order to determine whether the integrity of the
RNA strongly affects the outcome of quantitative gene
expression analysis, several intact or degraded RNA sam-
ples were used for quantitative RT-PCR. b-actin is part
of the cytoskeleton and is ubiquitously expressed in all
cells present in the biopsies. Therefore, it was chosen as
an internal control, the expression of which was used to
normalize expression data determined for other genes.
However, it should be noted that there are circumstanc-
es where the gene expression of b-actin is subject of reg-
ulation itself. Therefore, the b-actin-mRNA level per cell
might well differ. Taking into account the current dis-
cussion whether �house-keeping� genes really exist, one
should carefully consider different candidate genes (b2-
microglobulin, a-tubulin, GAPDH, 28S-rRNA) as inter-
nal controls depending on the cellular systems and ex-
perimental settings applied.5-8

In order to investigate the expression levels of �mark-
er genes� for the different biopsies [antrum (A), corpus
(C) or duodenum (D)], the mRNA amounts of the pep-
sinogen C gene and the multi drug resistance gene (mdr-
1) were analyzed by real-time RT-PCR.

Pepsinogen C (also known as pepsinogen II or pro-
gastricsin, E.C. 3.4.23.3) represents the zymogen form
of the aspartic protease pepsin C which is synthesized
and stored in the chief and mucus neck cells of the gas-
tric mucosa in humans and other mammals.9 Since these
cells are mainly localized in the gastric corpus and, to a
smaller extent, in the antrum,10,11 the transcript level of
the pepC gene should be higher in the biopsies taken
from the corpus. Furthermore, pepsinogen C-producing
cells were identified in the Brunner glands localized in
the duodenum, but the overall signal intensity of the
immunohistochemical stainings or hybridization signals
was much weaker than in the gastric mucosa.12 There-
fore, the amount of the pepC-transcript in duodenal bi-
opsies should be much less than in the samples taken
from the gastric antrum or corpus.

The multi drug resistance protein or P-glycoprotein
is encoded by the human mdr-1 gene and represents a
membrane glycoprotein which is involved in the intesti-
nal drug efflux and mediates resistance to anti-cancer
drugs.13 Localization studies revealed that the mdr-1 pro-
tein is widely expressed within the gastrointestinal tract
and other tissues showing the highest concentrations in
the epithelial cells of the liver and gut.14-16 Based on this

cellular distribution, the levels of mdr-1 transcript deter-
mined in the duodenum should considerably exceed the
corresponding levels of the gastric antrum or corpus.

Quantitative RT-PCR analysis of pepC and mdr-
1 in the gastric corpus, antrum and duodenum

The quantitative RT-PCR analysis presented in Fig.
1B and C revealed some interesting findings. First, re-
gardless of the integrity of the RNA, the b-actin, the
pepC, and mdr-1 transcripts were detectable in all sam-
ples (Fig. 1B). Second, due to the poor quality of the
RNA extracted from patient 1 and 2, the signal intensity
of the PCR bands, especially of patient 2, was sharply
reduced (Fig. 1B). In particular, this effect was evident
for transcripts present at lower levels such as mdr-1 in
the gastric corpus or antrum. Third, the usage of a prim-
er set [mdr-1 (3+4)] the binding sites of which were lo-
cated close to the 3�- end of the mdr-1 transcript barely
detected or even failed to detect the corresponding mes-
sage in the antrum and corpus samples of patient 1 and
2. The fact that this primer set worked well in all sam-
ples of patient 3 and 4 strongly suggests that the RNA
quality is the critical issue. Fourth, the analysis of PCR
products by agarose gel electrophoresis is a simple con-
trol for the presence of single PCR bands of the correct
size rather than a suitable method allowing for the quan-
tification of differences in the gene expression. Due to
the principle of the PCR reaction itself,17 the quantita-
tive analysis of the amount of PCR products in the sta-
tionary phase (end point analyses) will give wrong re-
sults in most cases. As an example, the gel electrophore-
sis revealed only a small difference between the amounts
of pepC transcripts detected in the antrum or corpus of
patient 1, whereas real-time PCR methodology revealed
an 880-fold difference between both samples. The quan-
titative evaluation was performed for all analyses regard-
less of the quality of the RNA. For the six RNA samples
from patient 3 and 4, the gene expression patterns de-
tected were as expected (Fig. 1C). The biopsies taken
from the gastric corpus (C) contained higher pepC tran-
script levels than that from the antrum (A) and duode-
num (D). For the mdr-1 gene, consistent expression ra-
tios were found in all biopsies regardless of the primer
set used. Here, the duodenal biopsies exhibited the high-
est mdr-1 transcript level, followed by the gastric corpus
and antrum (Fig. 1C). In contrast, quantitative data ob-
tained for the samples of patients 1 and 2 were not as
expected. For instance, patient 1 showed a very high dif-
ference (880-fold) in the extent of pepC expression be-
tween the gastric corpus and antrum. No duodenal-spe-
cific expression of the mdr-1 gene was found using the
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distal located primer set (mdr-3+4), whereas the ratios
D/A and D/C determined with the primer set 1+2 did
only partially correspond to that of patients 3 and 4. The
expression ratios determined for samples of patient 2
were strongly obscured, the antrum appeared to contain
more pepC transcript than the corpus and the mdr-1 ex-
pression in the duodenum was apparently lower than that
of the antrum or corpus. Moreover, mdr-1 expression was
undetectable using the distal primer set 3+4.

CONCLUSION

Taken together, the data presented clearly show that
RNA samples of poor quality are unsuitable for the quan-
titative analysis of the RT-PCR and can lead to wrong
conclusions. Although the specific expression of pepC
and mdr-1 was still detectable in the partially degraded
RNA samples of patient 1, the unusually high ratio of
the pepC expression between the corpus and antrum
implied that these values are severely affected by the dif-
ferent extent of RNA degradation in these samples. Con-
sidering the enormous experimental work needed for
quantitative gene expression studies and the high varia-
bility of clinical samples, we strongly recommend an eval-
uation of RNA-extracting methods with respect to both
methodological and sample-related issues. In particular,
the RNA integrity of each sample needs to be evaluated
by applying agarose-gel electrophoresis. Only samples
exhibiting both the 28S- and 18S-rRNA bands should be
used for quantitative analysis. The use of samples show-
ing a higher degree of degradation should be limited to
qualitative RT-PCR analysis only, or completely omit-
ted. This approach might be helpful to prevent negative
surprises after sampling and pitfalls at later stages of
analysis. The two-step methodology for the preparation
of RNA from endoscopic biopsies described here, has
been shown to provide RNA in acceptable yields and of
sufficient quality to allow for a comprehensive quantita-
tive expression analysis.
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