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Analysis of gene expression can provide
important information related to prognostic or
predictive factors in clinical work. Analysis of
DNA or RNA isolated from formalin fixed and
paraffin-embedded tissue is generally ac-
cepted to be difficult due to degradation and
crosslinking. Factors affecting mRNA quality
such as formalin fixation length and autolysis
period before fixation/freezing have not been
systematically addressed. In this study, we
analyzed the effect of formalin fixation length
and autolysis period before fixation/freezing
on the expression of several reference genes
in formalin-fixed paraffin-embedded (FFPE)

colorectal carcinoma cells and tissue. We also
used a factorial experimental design to further
analyze the interaction of both variables. It
was found that mRNA levels can be repro-
ducibly quantified, independent of the tested
variables. Our findings confirm that clinical
tumor specimens removed by routine surgical
procedures and combined with real-time RT-
PCR can be used for the analysis of gene
expression in routine FFPE materials and
provide some useful information related to the
achieved tissues largely stored in histopathol-
ogy departments. J. Clin. Lab. Anal.
25:166—173, 2011. © 2011 Wiley-Liss, Inc.
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INTRODUCTION

Analysis of gene expression can provide important
information related to prognostic or predictive factors in
clinical experimental work. Technological progress, such
as the development of sensitive real-time PCR systems,
permit rapid and specific quantification of small amounts
of mRNA (1,2). Although mRNA is relatively stable in
fresh-frozen tissues, collecting and preserving fresh-
frozen tissue samples is difficult in daily routine work.
On the contrary, the widely available archives of
formalin-fixed paraffin-embedded (FFPE) tissue repre-
sent an invaluable research resource, making it possible
to perform large retrospective studies that can provide
information on both prognostic factors and predictive
factors such as estimates of benefit from specific therapies
(3-5). In this context, DNA isolated from FFPE tissue is
used in pharmacogenetic studies. Indeed, profiling of
gene expression is, in addition to DNA sequence
variation, an interesting tool to study inter-individual
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differences in drug response. However, the reliability of
analyzing mRNA isolated from FFPE tissue is subject to
discussion since the stability of mRNA from this source
and potentially influenced by pretreatments (such as
fixation) has not been systematically studied. The dogma
is that the quality of mRNA isolated from FFPE tissue is
poor and not reliable for gene-expression profiling. The
reason is that the extracted RNA is believed to be
extensively degraded and cross-linked by formalin fixa-
tion (6). It is a shared opinion that several factors
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including the duration of fixation and autolysis before
fixation/freezing (the delay time before fixation) could
affect the degradation of mRNA in formalin-fixed tissue
(7-9). Although mRNA can be detected in FFPE tissue
(10), the extent to which these disturbing factors affect
quantitative gene expression analysis has not been
systematically addressed. The purpose of our study was
to determine the effect of formalin fixation length and
autolysis period before fixation and their interaction on
quantitative gene expression. Several colorectal carcino-
ma cells and tissue samples were paraffinned and
embedded; meanwhile, the relative expression of several
reference genes were determined after different incuba-
tion and formalin fixation periods.

MATERIAL AND METHODS
Cell Culture and Paraffin Embedding

Colorectal carcinoma cell lines HCT15, LoVo, DLD-1,
and Colo320 were grown in DMEM supplemented with
5% FCS at 37°C and 5% CO, conditions. Cells
obtained when they are totally full of T7 cell culture
bottle. FFPE cells were made using Shandon Cytoblock
Kit according to the manufacturer’s instructions
(Thermo Electron Corporation, Pittsburgh, PA). Fol-
lowing this protocol, cells were trypsinized and clumped
to test formalin fixation and autolysis. For HCT15 and
LoVo cells, the effect of the fixation time was analyzed.
HCT15 cells were incubated in neutral-buffer formalin
for 0, 1, and 3 days; LoVo cells were incubated for 0, 3,
and 24 hrs. A factorial experimental design for DLD-1
and Colo320 cells were used to compare the effect of
fixation length, autolysis period (delay time before
fixation), and a combination of both interaction, which
included nine different treatment from S1 to S9
Schematically depicted in Table 1. Colorectal carcinoma
tissue kindly provided by the department of Colorectal
Surgery. The experiments were approved by the Ethics
Committee of China Medical University. Tumor tissue
samples were obtained fresh, directly from the operating
theater from two different patients suffering from
colorectal carcinoma. The diagnosis of each tumor was
confirmed by histological examination with supplemen-
tary immunohistochemical staining (data not shown).
Each fresh tumor sample was cut into nine macro-
scopically similarly sized pieces and placed in a separate
Eppendorf tubes. Each sample was processed as the
instruction schematically depicted in Table 1.

Deparaffinization, RNA Isolation, and cDNA
Synthesis

FFPE cell blocks or colorectal tumor tissue samples
were cut with a disposable blade into 20um sections
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TABLE 1. Experimental Design to Test Autolysis and
Formalin Fixation

Fixation time
Autolysis time 0 day 1 day 3 days
Oh Sample 1 Sample 2 Sample 3
1h Sample 4 Sample 5 Sample 6
3h Sample 7 Sample 8 Sample 9

Each sample processes as the following instruction: Sample I: snap frozen
in —80°C liquid nitrogen; Sample 2: immediately insert the cell pellet into
10% neutral formalin buffer for 1 day; Sample 3; immediately insert the
cell pellet into 10% neutral formalin buffer for 3 days; Sample 4: after an
hour insert the cell pellet into —80°C liquid nitrogen; Sample 5: after an
hour insert the cell pellet into 10% neutral formalin buffer for 1 day;
Sample 6: after an hour insert the cell pellet into 10% neutral formalin
buffer for 3 days; Sample 7: after an hour insert the cell pellet into —80°C
liquid nitrogen; Sample 8: after 3 hr insert the cell pellet into 10% neutral
formalin buffer for 1 day; Sample 9: after 3 hr insert the cell pellet into
10% neutral formalin buffer for 3 days.

(corresponding to 10—15 pg of cells) depending on the size
of the embedded cell sample and placed in RNase-free
tubes. Deparaffination and RNA isolation was done with
High Pure RNA Paraffin Kit (Roche Diagnostics, Almere,
the Netherlands) according to the manufacturer’s instruc-
tions. Briefly, paraffin section deparaffinized by incubation
in xylol and repeated several time. Then, it was incubated
with ethanol and centrifuged, and the tissue residue was
air-dried and incubated again with digestion with Protei-
nase K, SDS, and lysis buffer overnight at 55°C. RNA was
purified by the addition of RNA extraction buffer. The
aqueous phase was removed to fresh tubes, and the RNA
was precipitated with an equal volume of isopropanol and
washed twice in 75% ethanol, and then the pellet was air-
dried and resuspended in 10 pl of RNA storage solution.
To avoid any operational mistake, the extractions were
prepared in duplicate.

The amount of RNA in the samples was quantified
using Nanodrop (Isogen, The Meern, the Netherlands).
In addition, RNA quality was visualized on ethidium-
bromide-stained agarose gel. The total 300 ng RNA was
reverse transcribed into cDNA using first-strand synth-
esis kit of Invitrogen (Breda, the Netherlands). As
primer we tested random hexamers and antisense PCR
primer (Table 2). First, RNA reaction adding random
hexamer or antisense PCR primer annealed 10min
at 70°C; Second, a total of 20 ul volume including 50 U
M-MLV-RT RNase-Transcriptase (Invitrogen), 20U
RNase inhibator (Invitrogen) DTT RT-buffer, dNTP
incubated with annealed RNA reaction 1hr at 37°C.

Real-Time Quantitative RT-PCR

The cDNA was five times diluted and 4 pl was used as
a template for real-time PCR in a 20 ul PCR reaction
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TABLE 2. Primer Sequence and Amplicon Size

Gene name Sequence Amplicon size (bp)
-Actin 5'-ATGTGCAAGGCCGGTTC-3 265b
P
5'-GCTGGAAGAGTGCCTCAG-¥
2-Microglobulin 5-TGCCGTGTGAACCATGTGA-% 98 b
g P
5'-CCAAATGCGGCATCTTCAA-3¥
CPSF6 5'-AAGATTGCCTTCATGGAATTGAG-3¥ 88 bp
5'-TCGTGATCTACTATGGTCCCTCTCT-3
HNRPM 5-GAGGCCATGCTCCTGGG-3 80 bp

5'-TTTAGCATCTTCCATGTGAAATCG-3

mixture containing 12.5 ul ABI-TagMan Universal PCR
Master Mix (Applied Biosystems, Niecuwerkerk a/d
Ussel, the Netherlands). Relative quantification of
samples was determined using universal SYBR green
master mixture in the Tagman 7500 (Applied Biosys-
tems). The PCR conditions were 1 cycle at 50°C for
2min, 1 cycle at 95°C for 10 min, and 40 cycles of 95°C
for 15sec, and 60°C for 1 min. We tested the following
house-keeping genes: B,-microglobulin, B-actin, Hetero-
genous Nuclear RibonucleoProtein M gene (HNRPM),
and Cleavage and Polyadenylation Specific Factor 6
(CPSF6). We used relative quantification (RQ) to
determine the change in the expression of a nucleic acid
sequence (target) compared with a calibrator, after all
the measurements are standardized. The relative expres-
sion of each house-keeping gene are compared to each
other in order to reflect the specific effect of fixation and
autolysis. RNA for a calibration curve was included in
every RT together with one negative control (without
RNA) to exclude potential contamination. Each sample
was analyzed in triplicate, and the average value of
triplicates was used as a quantitative value.

Statistics

The data for each gene were statistically evaluated for
the main effect of fixation, delay time, and their
interaction using the SPSS 15.0 for Windows. Analysis
of variance (ANOVA) or Kruskal-Wallis test of
independent or factorial experimental design were used
to evaluate the data for a single gene according to the
normality and variance of homogeneity of data. All tests
were two-sided and P-values <0.05 were considered
significant.

RESULTS

RNA Integrity in Fresh and Fixed
Paraffin-Embedded Cells

The RNA quality of all samples was checked by
spectrophotometer analysis. The A260/A280 value
measures the ratio of nucleic acid to protein, and good
quality RNA samples have the A260/A280 values in the
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range from 1.8 to 2.0. Figure 1A shows the yield of
RNA, A260/A280, and A260/A230 in DLD-1 and
Colo320 cells following the different fixation and
autolysis time. Freshly isolated cells were of better
quality compared to FFPE-isolated RNA. Of note, the
yield of RNA differed from each other following the
fixation and autolysis time. In addition, we isolated total
RNA from LoVo cells that have been incubated in
formalin and compared with RNA isolated from fresh
cells to test the effect on RNA integrity. The electro-
phoresis analysis revealed that the RNA was degraded
to a certain extent and there were no clear 28S and 18S
rRNA bands in fixed cells (Fig. 1B). RNA was highly
degraded after formalin fixation (S2 and S3) compared
to RNA from fresh cells (S1), independent of incubation
time. Degradation of RNA in the cells was comparable
with the FFPE tissue control (S4: colorectal carcinoma
tissue sample). For the colorectal carcinoma tissue from
two patients, the yield of RNA also differed from each
other following the fixation and autolysis time, and the
average RNA concentration range was from 52 to
317 ng/ul (data not shown).

Effect of Fixation Time and Amplicon Size
on Quantification of mMRNA

Primers for reference genes PB2-microglobulin and
B-actin were used to generate different amplicons (B2-
microglobilin 98 bp; B-actin 265 bp). The threshold cycle
(Ct value) of B2-microglobulin was used for normal-
ization. The averages of the normalized Ct value and
coefficient of variation from the different samples were
calculated (Table 3). No significant difference in quality
and quantity of cDNA was found between cDNA
synthesized using hexamer primers or cocktail antisense
PCR primers. cDNA obtained from FFPE cells showed
a higher Ct value than fresh cells. Concerning amplicon
size, the coefficient of variation is larger for 265bp
(B-actin) than for 98 bp (B2-microglobilin). There was a
significant difference in Ct value of B2-microglobulin
among fresh, short fixation, and long fixation (K-W test,
¥*>=6.525, P=0.038), There was no statistical signifi-
cance in relative quantification of [-actin against
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A
DLD-1 Fresh Fixed lday Fixed 3 days
Snap frozen autolysi 1h autolysi Jh Snap frozen | autolysi 1h autolysi 3h Snap frozen autolyss 1h autolysis 3h
ngfil 349.93+61.50 | 28337+40.80 | 2724042244 | 43.03F18.54 | 30.60+10.99 | 33902126 | 47.90F17.17 | 22.76+6. 87 19.00+7. 66
260280 | 2.02+0.011 2.02+0.010 2.02+0.011 1.95+0.184 | 1.64+0. 337 1.723+0.051 | 1.67+0. 265 1.46+0. 192 1.67+0. 286
260230 | 14240, 277 1.71240. 254 1.2440.192 0.73740.186 | 0.65740.208 | 061310205 |0.73610.137 | 0.33310.089 |04701to0. 157
COLO320 Fresh Fixed 1day Fised 3 days
Snap frozen auntolysis 1h autolysis 3h Snap frozen autolysis 1h autolysk Jh Snap frozen autolysis 1h antolysi 3h
ug/nl 278861 49.78 | 2101543214 | 236874 63.73 | 59.60 420 27 | 307015 332 | 3393014 17 |3876Lz5. 40 | 26431676 | 161719 53
2607280 2.00~+0.05 2.01+o. 404 2.04+0. 047 1.08-+0. 112 1.65+0. 337 1.690+0.135 | 1.74=+0. 215 1.44+0.308 1.51+0. 283
260/230 1.3540, 169 1.48-0.136 1.47+0. 155 0.887+0.226 | 0.810+0.350 | 0.770-£0306 | 0.883+0 201 | 0.80340.45%0 | 0.55740.106
B
S1 S2 S3 S4 S5 M
Fig. 1. (A) Statistic descriptive of Nanodrop Spectrophotometer measurements used as an indicator of RNA purity of DLD-1 and COLO320

cell (Mean+Std.dev) (valid N = 3). (B) RNA integrity checked by electrophoresis on 2% agarose gels stained with ethidium bromide. (S1) frozen
LoVo cell sample; (S2) 3 hrs fixation; (S3) 24 hrs fixation; (S4) FFPE tissue control; (SS5) positive control (unfrozen cells); (M) 500 bp marker
(Promega, Leiden, the Netherlands).

TABLE 3. Coefficient of Variation (CV) Calculated for Cy Value With Different Fragment and Formalin Fixation in FFPE Tissue
(Hexamer and Cocktail PCR primer)

Cr value (hexamer)

Crt value (cocktail PCR primer)

Gene/amplicon Fixation period n Mean (arbitrary unit) CV (%) n Mean (arbitrary unit) CV (%)
B2-Microglobulin 98 bp Fresh 3 18.319 0.328 4 19.662 15.80
3hr 3 23.075 8.093 8 24.127 13.00
3 days 3 25.302 6.881 8 24.550 15.09
B-actin 265 bp Fresh 3 17.500 3.543 4 18.724 15.18
3hr 3 24.026 14.360 8 22.726 22.31
3 days 3 28.808 23.187 8 25.252 21.87
RQ of B-actin/B2-microglobulin Fresh 3 1.047 0.382 4 1.052 10.31
3hr 3 0.873 6.758 8 1.0716 13.40
3 days 3 0.902 4213 8 0.995 11.58

B2-microglobulin among fresh, short fixation, and long
fixation (ANOVA test, F=1.758, P =0.188).

Effect of Formalin Fixation Time on the
Quantification of mRNA

Reference genes B2-macroglobulin, HNRPM, and
CPSF6 were taken to generate short amplicons (98, 88,
and 86 bp respectively). The threshold cycle (Ct value)
of B2-microglobulin, HNRPM, and CPSF6 from FFPE
HCT cells with different fixation lengths were compared
to each other. The data showed a significant difference
among fresh, short, and long fixation if we only
compared Ct values. However, relative quantification

of HNPRM and CPSF6 expression normalization for
B2-microglobulin and HNRPM normalized for CPSF6
showed no statistical difference between different
incubation times (Table 4). These results were confirmed
for Lovo cells (data not shown).

Effect of Fixation and Autolysis Time on the
Quantification of mRNA

The factorial experimental design for DLD-1 and
Col0320 cell block was not only used to investigate the
main effect of fixation and autolysis period (delay time
before freezing and fixation) but also used to compare
the interaction of both. We tested 0, 1, and 3 hr delay
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TABLE 4. Comparison of Quantitation Results With Different Fixation in HCT15 Cell Block (Hexamer and Cocktail PCR Primer)

Cr value (hexamer)

Cr value (cocktail PCR primer)

Fixation Mean F and P-value Mean F and P-value
Gene and amplicon time (arbitrary unit) CV (%) for ANOVA (arbitrary unit) CV (%) for ANOVA
B2-Microglobulin 98 bp Fresh 19.943 0.645 F=132.147 20.139 0.0199 F=186.869
1 day 20.773 1.889 P=0.001 22.105 2.781 P =0.000
3 days 22.238 2.049 24.729 1.675
HNRPM 88 bp Fresh 18.346 0.679 F=109.360 19.281 0.4634 F=109.838
1 day 19.968 2.265 P =0.000 21.697 2.816 P =0.000
3 days 21.759 0.647 23.661 0.4847
CPSF6 86 bp Fresh 18.480 1.708 F=153.268 18.885 2.436 F=170473
1 day 19.822 1.081 P =10.000 21.548 1.538 P =10.000
3 days 21.172 1.893 23.084 2.187
RQ of HNRPM/fB2-microglobulin  Fresh 0.9199 0.316 F=4413 0.9574 0.4687 F=4.024
1 day 0.9553 4.124 P =0.066 0.9815 0.0584 P=0.078
3 days 0.9787 1.532 0.9570 2.1406
RQ of CPSF6/B2-microglobulin Fresh 0.9266 1.059 F=2422 0.9378 2.4169 F=2.026
1 day 0.9543 0.987 P=0.169 0.9755 4.1915 P=0213
3 days 0.9523. 2.786 0.9335 1.4995
RQ of HNRPM/CPSF6 Fresh 1.0073 1.134 F=1.520 0.9795 2.7274 F=0.266
1 day 0.9999 3.579 P=0.292 0.9939 4.2167 P=0.775
3 days 0.9731 2.318 0.9757 2.6265

before fixation. In addition we investigated the fixation
times of 0, 1, and 3 days. The relative quantification of
HNRPM against 32-microglobulin was determined. We
found no statistical significance in the expression of
HNRPM between different fixation times, autolysis
delay, and the combination of both. We confirmed these
results in Colo320 cells (Fig. 2 and Table 5). The
colorectal carcinoma tissue samples were treated as the
same process as the previous cell block. We tested 0, 1,
and 3 hr delay before fixation. In addition, we investi-
gated the fixation times of 0, 1, and 3 days. The relative
quantification of HNRPM against B2-microglobulin
was determined. As expected, no statistically significant
differences in the expression of HNRPM between
fixation times, autolysis delay, and the combination of
both were noted. For further confirmation, Figure 3 and
Table 6 show the data of colorectal carcinoma tissue
from two patients.

DISCUSSION

The fixation of human tissue with formalin, and
subsequent embedding in paraffin, has been a routine
method of collecting and preserving surgical samples for
many years. These archived materials are the most
widely available specimens for retrospective genetic
clinical studies. Although FFPE tissues provide a
valuable source of stable RNA for gene expression
analysis, RNA isolation from FFPE tissue samples
remains difficult and inefficient, due to degradation of
the RNA by ubiquitous RNases (11,12). To date, the
most successful method for the extraction of total RNA
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from FFPE tissues utilizes a proteinase K digestion
before acid—phenol chloroform extraction and carrier
precipitation (6,10,13). However, the RNA extracted
from FFPE tissue is significantly degraded (10,13). Our
present study confirmed that mRNA (at least for the
reference genes we studied) can be detected by using
real-time RT-PCR in FFPE cells, even though RNA
isolation from FFPE samples was degraded as was seen
by gel electrophoreses. The fixation process causes cross-
linkage between nucleic acids and proteins, and cova-
lently modifies RNA by the addition of monomethyl
groups to the bases, so the molecules in FFPE sample
are rigid and fragile. Formalin fixation damages the
integrity of RNA and also limits the size of the cDNA
product produced (14,15). Therefore, the size of nucleic
acid fragments amplified by PCR should be kept to a
minimum, which is less than 120bp. It is generally
accepted that whole tissue specimens have important
disadvantage when they are used for gene expression
analysis. For example, whole tumor tissue is generally
composed of tumor cells, as well as stromal components,
inflammatory cells, vessels, and others. Tumor hetero-
geneity may be a source of possibly serious bias when
quantifying RNA extracted from tissues. The effects of
tumor heterogeneity can be limited by analyzing several
different areas of a tumor. In order to overcome the
problem of tissue heterogeneity, cells have to be selected
for further analysis. Therefore, laser capture microdis-
section (LCM) has been introduced and is now generally
accepted as a powerful tool to dissect morphologically
identified cell populations. There are some reports to
support combination LCM with RNA isolation from
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Effect of fixation, autolysis, and their interaction on relative quantification in DLD-1 and Colo320 cells showed a factorial experimental

design for DLD-1 and Colo320 cells, the main effect of fixation, autolysis period, and their interaction on the relative quantification of HNRPM
against f2-microglobulin were all investigated. Meanwhile, Hexamer and Cocktail PCR primer were used respectively. The ANOVA results showed
no statistical significance in relative quantification of HNRPM among different fixation times, autolysis delay, and the combination of both.

TABLE 5. Effect of Fixation, Autolysis, and Their Interaction on Relative Quantification in DLD-1 and Colo320 Cells

DLD-1 cell Co0l0320 cell

Hexamer PCR cocktail Primer Hexamer PCR cocktail Primer
Summary of fit R* adjusted 0.433 0.376 0.504 0.314
Statistic and term F-value Prob F-value Prob F-value Prob F-value Prob
Intercept 1,079.31 <0.0001 112.27 <0.0001 1,091.86 <0.0001 21.709 <0.0001
Fixation 0.312 0.736 1.709 0.209 0.177 0.839 1.436 0.264
Autolysis time 1.214 0.320 0.196 0.824 0.123 0.885 2.372 0.122
Fixation x autolysis time 2.679 0.065 1.763 0.180 0.059 0.993 0.705 0.599

FFPE tissue with real-time PCR to quantify some target
gene expressions (16,17). One important factor in
quantifying gene expression study is to choose one or
more reference genes to control variation due to
different degradation of mRNA in FFPE tissue. In this
study, we investigated several reference genes, including
B2-macroglobulin, B-actin, HNRPM, and CPSF6. The
ideal reference gene is the one that is constantly
expressed in moderate levels of all cells. There are three
common priming methods that can be employed for the
cDNA synthesis: oligo-dT primers, random hexamers,
and gene-specific primers. Oligo-dT priming is not ideal

for FFPE samples because of the chemical modification
of the poly(A) tail of the mRNA. Random hexamer
priming, although used widely for FFPE tissue samples,
suffers from the fact that any RNA template, not just
mRNA, can be primed. Gene-specific priming can be
used to increase the specificity of the cDNA synthesis
and enhance the detection of low-abundance RNA
transcripts (18). We use both hexamer and PCR-specific
primer to synthesize cDNA. We found no significant
differences between these two approaches. Several
factors may influence the relative quality and quantity
of RNA in FFPE tissue. One such factor that may be a
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Effect of fixation, autolysis, and their interaction on relative quantification in colorectal carcinoma tissue from two patients showing a

factorial experimental design for colorectal carcinoma tissue from two patients, the main effect of fixation, autolysis period, and their interaction
on the relative quantification of HNRPM against f2-microglobulin were all investigated. Meanwhile, Hexamer and Cocktail PCR primer were
used respectively. The ANOVA results showed no statistical significance in relative quantification of HNRPM among different fixation times,
autolysis delay, and the combination of both.

TABLE 6. Effect of Fixation, Autolysis, and Their Interaction on Relative Quantification in Colorectal Carcinoma Tissue From

Two Patients

Patient 1 Patient 2

Hexamer PCR cocktail Primer Hexamer PCR cocktail Primer
Summary of fit R* adjusted 0.287 0.264 0.205 0.184
Statistic and term F-value Prob F-value Prob F-value Prob F-value Prob
Intercept 2874.43 <0.0001 1050.67 <0.0001 748.95 <0.0001 810.91 <0.0001
Fixation 0.354 0.709 0.337 0.719 0.438 0.652 0.734 0.494
Autolysis time 0.872 0.435 0.235 0.793 0.180 0.837 1.046 0.372
Fixation x autolysis time 1.122 0.377 1.331 0.297 0.848 0.513 0.127 0.971

problem for mRNA quantification is the length of
fixation time (19,20). Some researchers concluded that
the duration of fixation should be kept between 0.5 and
2 days since long fixation times drastically reduced the
number of mRNA molecules (8). Conversely, other
groups concluded that prolonged fixation times up to 6
days caused no significant change in mRNA quantity.
Furthermore, archived tissue blocks after 5, 10, 15, and
20 years failed to identify a clear time-dependent loss of
RNA and the variable results also obtained from such
kind of tissues (8,21). In our experiment, we tested the
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effect caused by the length of formalin fixation.
Prolonged fixation times up to several days caused
significant loss of detectable mRNA molecules; how-
ever, relative quantification data showed no differences
(P =10.292 for hexamer; P=0.775 for cocktail primer),
indicating that the degradation of mRNA accounts
for all genes and not only for a subset of genes.
Nevertheless, should tissue be fixed as soon as possible
and is it necessary to prevent autolysis-induced degrada-
tion? There are some reports about gene autolysis in
mRNA level occurred within first 2 hr after which a



steady state appeared. On the other hand, some
researchers concluded that a delay in tissue processing
with pre-fixation times of up to a few hours did not
appear to be a problematic for quantitative gene
expression study (22,23). To evaluate in vitro RNA
decay, we choose a model reflecting daily routine as
closely as possible. Freezing or fixing delay up to 3hr
was chosen to reflect the situation for delayed tissue
processing. Although much is known about the degrada-
tion of mRNA because of the effect of autolysis and
fixation, little has been published concerning the inter-
action effect between that. In our study, we investigated
the effect of fixation and delay time before freezing and
fixation, and we also compared the combination of these
two variables, by calculation of the relative quantifica-
tion of several reference genes. It appears crucial that the
ratio between the copy numbers of different genes
remained constant (24) and has not been altered by
some artificial factors in the process of tissue treatment
such as formalin fixation and autolysis period before
fixation/freezing. We demonstrated that in our settings
mRNA levels in FFPE cells could be reproduced and
quantified. We realize that cell lines do not reflect tissue
to test the effect of formalin fixation and autolysis,
because of their cell constitution. Although logistically
hard to perform, we suggest to confirm these results in
tumor tissue. In conclusion, our findings do suggest that
clinical tumor specimens removed by routine surgical
procedures and embedded in paraffin are a justified
source for the analysis of gene expression. We showed
that mRNA levels in FFPE cells could be reproducibly
quantified, independent of the nonstandardized fixation
processes. We believe that this conclusion enables the use
of FFPE tissue to provide useful information related to
prognostic and predictive study of these important
material mainly stored in pathology department.
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